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PREFACE

Coastal northern Delaware had several thousand acres of high
guality tidal wetlands that have gradually been degraded since
European colonization. Although these wetlands are now protected
under federal and state statutes, little has been done to restore
and reintegrate them as a viable part of the Delaware Estuary.
The lack of concern for these urban wetlands has been arguably due
to the long-term commitment and tremendous resources necessary to
restore wetlands that have been degraded for over three centuries.
This document details the long-term, regional rehabilitation
strategy that the Delaware Department of Natural Resources and
Environmental Control is undertaking to restore a significant
portion of these tidal wetlands along the urban corridor of the
Christina and Delaware Rivers. These details are based on the
findings and recommendations of a multi-agency rehabilitation
team, constituting the Northern Delaware Wetlands Rehabilitation
Program (NDWRP).

This planning document defines the regional objectives of
this strategy, and specifies guidelines for the development and
implementation of both site-specific wetland rehabilitation plans
and a long-term restoration approach for the region. This
document identifies the organizational framework of the NDWRP, and
the programmatic involvement and responsibilities of various
participating agencies and organizations. It also identifies
rehabilitation sites within the corridor and their site-specific
environmental needs.

The document will be used to provide long-term guidance of
wetland restoration efforts within the urban corridor of the
Christina and Delaware Rivers. It will act as a planning
document, an implementation strategy, and a reference text; and
will be periodically updated with new site-specific rehabilitation
plans and post-implementation evaluations. Additional updates and
minor modifications of ongoing projects will be necessary as
rehabilitation efforts progress. These ongoing changes will be
incorporated following review and approval by the multi-agency
NDWRP team. Finally, besides serving as the plan for the long-
term rehabilitation needs of the tidal wetlands and related
aquatic habitats of Northern Delaware, this document is expected
to serve as a model from which future coastal and wetland
restoration programs can be developed.
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EXECUTIVE BUMMARY

The Delaware Department of Natural Resources and
Environmental Control (DNREC), in cooperation with numerous other
public and private organizations, has initiated an ambitious
program to rehabilitate more than 10,000 acres of highly degraded
tidal freshwater and brackish wetlands along the urban corridors
of the Christina and Delaware Rivers in New Castle County. This
portion of the State has a long history of wetland loss and abuse.
Wetland degradation in northern Delaware began as early as the
17th century, when settlers extensively diked and drained tidal
freshwater marshes along these rivers to accommodate agriculture
and development of adjacent upland areas. Maintenance of this
dike system promoted the filling and additional draining of many
wetlands until the passage of state and federal wetland acts and
executive orders in the 1970's. Although these and subsequent
regulations prevented most tidal wetlands from continued
degradation, little if any emphasis has been placed on
rehabilitating those wetlands degraded prior to the passage of
these laws. Unfortunately, these same severely degraded or lost
wetlands were historically among the state's most important areas
in terms of wetland wildlife and vegetation diversity.

The Northern Delaware Wetlands Rehabilitation Program (NDWRP)
is a regional, non-regulatory restoration program for wetland
areas degraded prior to the enactment of wetland protection acts.
Currently, 31 potential wetland sites have been identified as
needing rehabilitation and are proposed to be restored on a site-
by-site basis. The NDWRP emphasizes three approaches to wetland
restoration: 1) developing and implementing management practices
designed to achieve regional multiple use objectives; 2)
developing a multi-agency rehabilitation team; and 3)
rehabilitating an urban corridor through a watershed-based
approach whereby numerous individual wetland sites are
ecologically improved, eventually forming a chain of restored
wetlands. The NDWRP has developed a plan that provides DNREC with
a systematic process to rehabilitate degraded wetlands and
incorporate these strategies into local land-use plans. This plan
is expected to serve as a model for future coastal rehabilitation
programs, and will establish resource management/protection
agreements among various government agencies, private
organizations and industries, landowners, and environmental
groups, thus replacing the traditional individual agency approach
to similar programs.

Success of this regional wetland rehabilitation process
depends on the cooperation and involvement of federal, state, and
local agencies; private industries; landowners, and environmental
groups. This multi-agency approach increases the available
resources and funding opportunities, while including private
industries, landowners, and environmental groups to provide
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corporate sponsorships, property access, and broad-based public
support, respectively. In order to promote this cooperation and
involvement without burdening agency personnel that were only
periodically involved in the program, a two-tiered organizational
approach was established. This approach consisted of a NDWRP
Steering Committee comprised of DNREC and New Castle Conservation
District staff, and a adjunct committee comprised of various
outside agencies and organizations. The Steering Committee
convenes on a monthly basis and addresses a wide range of program-
related topics, whereas the adjunct committee members were
periodically included in the planning and evaluation process
during permit review, funding requests, or rehabilitation plan
review.

The NDWRP has developed a systematic procedure to facilitate
the development and implementation of site-specific wetland
rehabilitation plans. This process promotes frequent input by
various participants and encourages utilizing the technical
expertise of the rehabilitation team and allocating task
responsibilities to various members. An important element in this
systematic procedure is the development of a detailed restoration
plan. This plan provides a foundation from which all
rehabilitation efforts are based. Wetland rehabilitation plans
should be constructed around scientifically-based biological
inventories and ecological evaluations of the site and its
surrounding landscape. The plan should also clearly define the
site~specific objectives. A requisite to the long-term needs of
this regional wetland rehabilitation strategy is development of
site-specific operation, maintenance, and management plans. This
component of the rehabilitation plan provides assurances that
rehabilitation efforts will be implemented and maintained. The
final component of the rehabilitation plan is a provision to
actively involve the landowners and local environmental groups in
the rehabilitation effort. Active involvement by the public not
only promotes a increased awareness and understanding of wetland
functions and values, but it also provides additional assurance of
the long-term success of the project.
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INTRODUCTION AND HISTORICAL BACKGROUND

Northern Delaware, like many other urbanized areas on the
East Coast, has a long history of wetland loss and abuse.
Similarly, Delaware's wetlands degradation can be traced back to a
predominately negative view of these areas. Wetlands were deemed
as waste places, vermin haunts, and of little socioeconomic value.
These negative views promoted the draining, diking, and filling of
wetlands for a variety of purposes including agricultural
practices, landfills, and industrial and residential developments
in the Wilmington and New Castle areas (Fig. 1).

In Northern Delaware this degradation began as early as the
mid-1600's, when Dutch and Swedish settlers extensively diked and
drained tidal freshwater marshes along the Christina and Delaware
Rivers to accommodate agriculture and development of adjacent
upland areas (Weslager 1947). This extensive system of dikes and
tide gates has, for the most part, been maintained since its
initial construction, a practice that essentially prohibited
several thousand acres of tidal wetlands from receiving normal
tidal exchange with the Delaware Estuary for up to 340 years
(Carter 1991). Maintenance of this dike system promoted the
filling and additional draining of many wetlands for industrial,
maritime, and residential development during the Industrial
Revolution of the late 1800's and early 1900's. The construction
of various transportation systems, particularly Interstate 95 in
the mid-1960's, led to the draining and filling of over 1,000
acres of additional tidal freshwater marshes and the rerouting of
a l-mile stretch of the Christina River. 3

This continuous neglect along the Christina and Delaware
Rivers over a 300-year period caused the permanent loss of
approximately 6,000 acres of tidal wetlands (Tiner 1985), and the
degradation of approximately 10,000 more (Carter 1992). Present
estimates are that 1,000 acres are extremely degraded, another
2,500 acres are in poor condition, 5,300 acres are in moderate
condition, and 1,200 had only limited degradation or recovered
sufficiently to warrant very good condition (Fig. 2).

Unfortunately, these same severely degraded or lost wetlands
were historically among the state's most important areas in terms
of waterfowl abundance, wading bird and aquatic furbearer
production, and vegetation diversity (Chamberlain 1951). Several
of these marshes contained excellent stands of cattail (Typha
spp.) and wild rice (Zizania adquatica). These marshes were
important habitat for black ducks (Anas rubripes), pintails (Anas
acuta), green-winged teal (Anas crecca), and Canada geese (Branta
canadensis) during spring and fall migrations. The larger marshes
in this region supported the best muskrat (Ondatra_zibethicus)
populations in the state and several of the best waterfowl
production areas. Also two heronries, one the largest on the
Atlantic Coast north of Florida, are currently located within and
supported by the wetlands of this region. Because these




Fig. 1. New Castle, Delaware depicting the Wilmington and New
Castle areas and the Christina and Delaware Rivers.
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historically rich wetlands of the Christina/Delaware Rivers are
capable of being restored, they have been identified as a focus
area under the Atlantic Coast Joint Venture of the North American
Waterfowl Management Plan. This international plan seeks to
protect and improve six million acres of wetlands (85,000 acres of
which are along the Atlantic Coast) to increase migrating and
breeding waterfowl populations to levels of the 1970's.

Degradation of Delaware's coastal wetlands was curtailed with
the passage of state and federal wetland acts and executive orders
in the 1970's. In fact, since the passage of the Delaware Wetlands
Act of 1973, annual loss of tidal wetlands in Delaware has been
reduced by approximately 22~fold (444 to 20 acres/year, Hardisky
and Klemas 1983). Although current and proposed state and federal
regulations should protect most coastal wetlands from continued
degradation, little if any emphasis has been placed on
rehabilitating those wetlands degraded prior to the passage of
Delaware's tidal wetland regulations.

Annually, an increasingly larger percentage of our population
resides in urban and suburban areas. Unfortunately, these
urbanized communities are usually the least educated about the
functions and values of wetlands. One possible explanation for
this deficiency of wetland education among metropolitan residents
is that urban wetlands are historically the most degraded and have
received the least management and protection. The rehabilitation
of these degraded wetlands can provide ocutdoor classrooms and
effectively educate the public about wetland functions and values.
A Delaware Division of Fish and Wildlife survey of needs in
aquatic resources education (Kreamer 1993) presented to 306
elementary and high school teachers, community groups, nature
centers, and state personnel indicated that wetland education was
a priority topic.

PROJECT DESCRIPTION

The Delaware Department of Natural Resources and
Environmental Control (DNREC), in cooperation with numerous other
public and private organizations, has initiated an ambitious
program to rehabilitate more -than 10,000 acres of highly degraded
tidal freshwater and brackish wetlands along the urban corridors
of the Christina and Delaware Rivers in New Castle County (Fig.
2). The Northern Delaware Wetlands Rehabilitation Program (NDWRP)
is a regional, non-regulatory restoration program for wetland
areas degraded prior to the enactment of wetland protection acts.
Currently, 31 potential wetland sites have been identified as
needing rehabilitation and are proposed to be restored on a site-
by-site basis. On a larger scale, the rehabilitation plans and



management practices of these sites address regional objectives
and are integrated to restore an urban wetland corridor. The
NDWRP is a long-term commitment by DNREC to wetland restoration.
Many of the proposed wetland rehabilitation sites have been
degraded for over three centuries, and it is anticipated that it
might take several decades to restore many of their functions and
values. However, it should be noted that land-use practices,
manmade infrastructure, and other forms of economic development
presently limit and will continue to 1limit full ecological
restoration of many sites.

The NDWRP was officially unveiled at an October 1992 press
conference held by former Governor M.N. Castle and former
Secretary of the DNREC, E.H. Clark II. This outdoor press event
held at one of the NDWRP sites, Gambacorta Marsh), was attended by
civic and business leaders, resource managers, environmental
scientists, and property owners. The conference outlined the
program's goals, importance, rehabilitation strategy, and
participants. At that time the NDWRP was in existence for
approximately 6 months and attendees received an extensive press
package describing the program.

The DNREC has recently completed a Comprehensive Conservation
and Management Plan for Delaware's Tidal Wetlands (DNREC 1994), in
part as a response to the National Wetlands Policy Forum's request
for state-based comprehensive wetlands planning. The
comprehensive tidal wetlands plan was developed by state, federal,
and regional agencies; scientific academicians: private
conservation organizations; user groups, and landowners. The plan
is intended to provide guidance for the widest range of tidal
wetlands issues, problems, and protection and stewardship needs.
This comprehensive plan identified as one of its 10 "priority
action projects" to recognize, support, and expedite
implementation of the NDWRP.

The NDWRP emphasizes three approaches to wetland restoration:
1) developing and implementing management practices designed to
achieve regional multiple use objectives; 2) developing a multi-
agency rehabilitation team; and 3) rehabilitating an urban
corridor through a watershed-based approach whereby numerous
individual wetland sites are ecologically improved, eventually
forming a chain of restored wetlands.

Besides the rehabilitation of several thousand acres of tidal
wetlands along two major rivers and their reintegration into the
Delaware Estuary, this program has developed a plan that provides
DNREC with a systematic process to rehabilitate degraded wetlands
and incorporate these strategies into local land-use plans. This
plan is expected to serve as a model for future coastal
rehabilitation programs, and will establish resource
management/protection agreements among various government
agencies, private organizations and industries, landowners, and
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environmental groups, thus replacing the traditional individual
agency approach to similar programs. Several of these resource
management/protection agreements might involve enforceable
actions. Finally, this program establishes a wetland
rehabilitation policy upon which federal consistency
determinations and environmental reviews can be based.

REGIONAL MULTIPLE-USE OBJECTIVES

An emphasis of the NDWRP is to rehabilitate an extremely
degraded wetland corridor by addressing regional multiple-use
objectives. The development and implementation of management
practices that address multiple objectives provide a mechanisnm
whereby the benefits of individual restoration projects can be
maximized over an entire corridor. Although many rehabilitation
projects will be unable to adequately address all these objectives
because of site-specific limitations and landowner demands,
efforts will be made to address as many regional objectives at
each specific restoration site as possible. The development of
measurable, evaluative criteria for each specific objective is
also essential to provide temporal measurements of success. The
following specific regional objectives were developed and approved
by the DNREC/NDWRP Steering Committee and have been favorably
received by several other governmental agencies and-environmental
groups.

- Improve water quality in both wetlands and rivers through
tidal exchange and wetland filtering.

- Restore and improve spawning, nursery, and feeding sites
for anadromous, estuarine, and riverine fishes.

- Increase biological diversity and improve wetland,
riparian, and adjacent upland habitats for waterbirds and
other wetland wildlife.

- Protect and enhance existing populations and critical
habitats of threatened and endangered species and other
species of concern.

- Increase diversity of shallow-water habitats and emergent
vegetation.

- Control nuisance and exotic plant species (phragmites and
purple loosestrife).



- control pestiferous mosquito populations by water
management where practical, thereby reducing the amount of
chemical insecticides required. :

- Reduce stormwater flooding through increased storage
capacity and timely releases.

- Reduce shoreline erosion where needed for ecological or
economic purposes, using environmentally acceptable
methods.

- Improve a wide variety of recreational opportunities in
wetland, riverine, and adjacent upland habitats and
improve the aesthetic value of these areas.

- Increase environmental education opportunities for both
general public and school groups.

MULTI-AGENCY REHABILITATION TEAM

The DNREC's Division of Fish and Wildlife initially
administered this Departmental program; however, because of the
complexity of rehabilitation issues, the scope of this effort, and
the interests of staff, the Division of Soil and Water
Conservation was designated as co-administrator of the program.
This shared responsibility takes advantage of both Divisions'
administrative, technical, and personnel resources. The formal
inclusion of the Division of Soil and Water as co-administrator
will add expertise in other technical fields beneficial to
developing wetland rehabilitation plans, particularly for issues
concerned with control of nonpoint source pollution.

To expand upon the strategy of maximizing Departmental
resources and technical expertise while avoiding the traditional
individual agency approach, representatives from all five DNREC
Divisions and the Office of the Secretary were solicited as
members of the DNREC/NDWRP Steering Committee (Table 1).
Additionally, because of the close working relationship that the
New Castle Conservation District (NCCD) has had with the
Department in the development of this program, representatives
from this agency were also included in the Steering Committee
(Table 1).

Initially, additional representatives from other governmental
agencies (federal, state, and county), academic institutions,
environmental groups, private industry, and local communities were
to be included in the Steering Committee. However, many of these
"outside" committee members indicated that they would be best able



Table 1. Current members of the Northern Delaware Wetlands
Rehabilitation Program (NDWRP) Steering and adjunct committees.

Steering Committee Members and Affiliation

Tulou, Christophe - Office of the Secretary, DNREC

Allen, Robert - Division of Air & Waste Management, DNREC

Baker, John - Divisions of Fish and Wildlife/Parks and
Recreation, DNREC

Carter, David - Division of Soil & Water Conservation, DNREC

Chura, Mark - Division of Parks & Recreation, DNREC

Cooksey, Sarah - Division of Soil & Water Conservation, DNREC

Esposito, Gerald - Division of Water Resources, DNREC

Hossler, Robert - Division of Fish & Wildlife, DNREC

Hughes, John - Division of Soil & Water Conservation, DNREC

Irelan, Larry - New Castle Conservation District

Mahaffie, Michael - Office of the Secretary, DNREC

Manus, Andrew - Division of Fish & Wildlife, DNREC

Meredith, William - Division of Fish & Wildlife, DNREC

Stachecki, Chester - Division of Fish & Wildlife, DNREC

Tarburton, John - New Castle Conservation District

Vickers, Charles - Division of Parks & Recreation, DNREC

Vacant position - Tidal Wetlands Requlatory Program, Division of
Water Resources, DNREC

Adjunct Committee Members and Affiliation .

Appleby, Richard - Trustees of New Castle Common

Daiber, Franklin - University of Delaware, College of Marine
Studies (emeritus)

Gallagher, John - University of Delaware, College of Marine
Studies

Goodger, Timothy - National Marine Fisheries Service

Hassel, Richard - Army Corps of Engineers

Husband, Jonathan - New Castle County

Lapp, Jeffery - U.S. Environmental Protection Agency

Mitchell, Laura - U.S. Fish and Wildlife Service ‘

Patrick, Ruth - Philadelphia Academy of Natural Sciences

Shevock, Daniel - Delaware Ducks Unlimited

Stocum, Faye - Delaware Historic Preservation Office

Verrico, Donald - Wildlife Habitat Enhancement Counsel

Wutka, Joseph - Delaware Department of Transportation



to serve the program by providing input periodically on a site-
specific basis, e.g., during permit review, funding requests, or
rehabilitation plan review. The logistical problems associated
with scheduling and convening a Steering Committee of 30+ members,
and the relative inefficiency revealed during such large meetings,
were additional reasons for not including all rehabilitation team
members in the Steering Committee. Instead, a two-tiered
rehabilitation team was developed in which members from agencies
other than DNREC or NCCD were designated adjunct committee status,
and were not requested to convene at monthly Steering Committee
meetings (Table 1). This two-tiered representation functions
adequately, because many of the adjunct committee members are on
the Delaware Wetland Joint Permit Processing Committee and review
all wetland associated projects prior to implementation or
advanced development. Additionally, other adjunct committee
members are closely associated to the program in other capacities,
e.g., Superfund Natural Resource Damage Trustees, funding source
representatives, landowners, researchers of pertinent management
practices, and project collaborators.

The organizational purposes of the DNREC/NDWRP Steering
Committee are: 1) to assist with restoration plan development and
to facilitate a high level of cooperation among DNREC Divisions:
2) to define the regional wetland rehabilitation goals,
objectives, guidelines, and criteria for project evaluation; 3) to
coordinate site-specific wetland rehabilitation activities; and 4)
to identify the existing and future agency infrastructure needed
to establish long-term maintenance and management of restored
areas based on localized needs. The purposes of the adjunct
committee members are: 1) to assist DNREC in restoration plan
development and implementation; 2) to ensure a high level of
cooperation among governmental agencies, private industries,
environmental groups, and the public; 3) to assist DNREC in
providing a mechanism to provide public input and increase public
awareness, support, participation, and communication between
resource managers and the public.

The personnel organization of the NDWRP includes DNREC
program administrators, a DNREC/NDWRP program manager, and several
DNREC/NDWRP project managers. The program administrators from the
Divisions of Fish and Wildlife and Soil and Water Conservation are
responsible for administration of the NDWRP, including
coordinating efforts to acquire funding and technical assistance,
and to foster inter- and intra-agency participation and
cooperation.

Responsibilities of the NDWRP program manager include
coordinating activities of NDWRP project managers, with emphasis
on overall program goals and interactions among agencies.
Additional responsibilities include: 1) reporting to granting and
funding agencies and meeting established benchmarks; 2) allocating
and setting priorities for resources among projects; 3)
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maintaining a centralized tracking system for all individual
projects; and 4) coordinating the work plan for permit application
submission and responses to permit review. The NDWRP program
manager is also a fish and wildlife regional manager with the
Division of Fish and Wildlife, stationed in northern Delaware.

NDWRP project managers are other DNREC employees responsible
for coordinating the activities associated with a specific wetland
rehabilitation project. These duties include: 1) coordinating
activities and interactions among individuals from other DNREC
Divisions, federal, state, county, or municipal agencies; 2)
coordinating landowner contacts for purposes of project
orientation, explanation of project goals, landowner educatiocn,
obtaining landowner input and support, and building a consensus
for project cooperation; 3) coordinating collection of site-
specific environmental information; 4) coordinating development of
site-specific restoration and management plans; 5) preparing and
reviewing environmental assessments and applications for federal
404 and state wetland permits; 6) implementing restoration and
management activities; 7) developing broad-based public support
and participation in the project; and 8) coordinating long-term
monitoring and evaluation activities.

Although the personnel assigned to these positions are
crucial to the development and implementation of the program,
overall success of this regional wetland rehabilitation process
depends on the cooperation and involvement of federal, state, and
local agencies; private industries; landowners, and environmental
groups. This multi-agency approach increases the available
resources and funding opportunities, while including private
industries, landowners, and environmental groups to provide
corporate sponsorships, property access, and broad-based public
support, respectively. Additionally, early involvement of parties
interested or affected by rehabilitation efforts increases the
probability of mediating any potential conflicting interests.
Listed below are several agencies, divisions, and organizations
that have contributed to the initial success of this program, or
are slated to do so in the immediate future.

Division of Fish and Wildlife (DNREC) - Co-administrator of
the program and responsible for developing water and vegetation
management, wildlife enhancement, fisheries restoration, and
mosquito abatement plans associated with restoration projects.
This Division has, with the assistance of other agencies,
conducted biological inventories and ecological evaluations of
restoration sites, and developed and implemented water management
and vegetation management plans at selected wetland sites. Fish
and Wildlife has also lead or assisted in the design of proposed
water control structures, and will assist in the supervision and
installation of these structures. The submission of environmental
assessments and state and federal permits for many of the projects
will be undertaken by this Division. The Division has designated
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70% of one of its general fund positions to function as the NDWRP
program manger. Additional Division personnel involved with this
program function in program administration, scientific assessment,
technical assistance, project management, and committee
participation.

Division of Soil and Water Conservation (DNREC) - Co-
administrator of the program and responsible for developing and

implementing nonpoint source pollution prevention, erosion and
sedimentation control, and upstream stormwater management plans.
With the assistance of other agencies these plans will address
both site-specific and watershed/basin-wide issues. The
Division's future development and use of stormwater management
utilities might also help advance the nonpoint source pollution
prevention goals of the NDWRP. This Division is currently
pursuing the formation of site-specific, self-taxation, landowner
associations that would utilize existing state code to develop
marsh management organizations. Soil and Water has helped
coordinate Conservation District input and action. As
administrator of the Delaware Coastal Management Program (DCMP),
sponsored by the National Oceanic and Atmospheric Administration,
Division personnel are responsible for administering DCMP grants
received by the NDWRP, developing coastal nonpoint source
pollution control programs in upland areas adjacent to project
sites, and reviewing wetland rehabilitation plans for consistency
with the DCMP. Division personnel involved with this program
function in program administration, project management, technical
assistance, and steering committee participation.

Division of Air and Waste Management (DNREC) - Administrator
and coordinator of wetlands remediation projects associated with

Superfund sites, and of use of potential wetland rehabilitation
monies received through enforcement of natural resource damage
assessments. The Division has provided extensive information and
guidance concerning contaminant issues associated with NDWRP
restoration sites, and has assisted in contaminant sampling.
Wetland rehabilitation efforts are being integrated with this
Division's Christina River Basin Hazardous Waste Sites Restoration
Project, which is developing a uniform approach for the
investigation and remediation of hazardous waste sites within the
Christina River watershed.

Division of Water Resources (DNREC) - Representatives have
provided extensive guidance associated with wetlands permitting
needs and procedures, and are currently supporting a site-specific
wetland mitigation banking effort to promote wetland
rehabilitation projects. NDWRP wetland rehabilitation activities
will be integrated with several other programs being undertaken by
this Division, including: the Whole Basin Planning approach to
water resource protection; the National Pollutant Discharge
Elimination System (NPDES), and efforts to address combined sewer
overflow problems. The Division has assisted in ecological
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evaluations of proposed restoration sites, especially through
geographical information systems and water supply analysis, and
has provided technical support in toxicological testing of
sediment and water samples. Water Resources will also assist
other agencies in addressing nonpoint and point source pollution
issues and reviewing water and vegetation management plans.

Division of Parks and Recreation (DNREC) - Representatives
have assisted in the development of recreation and environmental
education plans; have provided guidance on developing conservation
easement programs among landowners; and coordinated wetland
recreation plans with the Delaware Coastal Heritage Greenway
Program. The Division's Natural Heritage Inventory has conducted
biotic composition and rare plant surveys in proposed restoration
sites. The Natural Heritage Inventory is also funding a 3-year
study of the heron colonies within the rehabilitation corridor.

Office of Information and Education (DNREC) - Representatives

have organized press events, and published pamphlets, brochures,

"and articles promoting the NDWRP. Public involvement in several

wetland rehabilitation sites has been initiated by the Office's
Adopt-A-Wetland Program and their annual Christina River and
Delaware Coastal Cleanups.

New Castle Conservation District (NCCD) - The District is
assisting in all phases of various construction projects including
design, hydrological modeling, developing bid packages and work
plans, and the supervision of the construction and installation of
water control structures. NCCD has assisted in the submission of
wetland permits and grant applications, and in the development of
promotional brochures. The District is also providing
geographical information system support, assistance in local land-
use issues, and in the development and implementation of
stormwater management and nonpoint source pollution prevention
plans. NCCD is undoubtedly one of the biggest contributors to the
NDWRP in technical and promotional support, and site-specific
implementation.

Delaware Department of Transportation (DelDOT) - This agency

owns several water contreol structures associated with wetland
rehabilitation projects and, as such, has provided assistance in
their maintenance, repair, and redesign in order to promote
project success. This agency is currently modifying minor road
construction plans and maintenance practices to promote wetland
restoration, and will -assist in supervising the construction and
installation of new water control structures. DelDOT is also a
potential funding source through wetland mitigation assoc1ated
with transportation projects.

U.S. Fish and Wildlife Service (FWS) - This agency has
provided guidance in restoration efforts as a regulatory agency in
the wetlands permit process and as a Superfund Natural Resources
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Damages Trustee. The agency has provided promotion and technical
support through assistance with grant submission (via the Delaware
Estuary Project) and.wildlife contaminant issues, respectively.
FWS has provided funding for restoration-related ecological
studies and has indicated potentially additional funding through
its Partners for Wildlife Program.

National Marine Fisheries Service (NMFS) - This agency has
provided guidance in restoration efforts as a regulatory agency in

the wetlands permit process and as a Superfund Natural Resources
Damages Trustee.

U.S. Environmental Protection Agency (EPA) - This agency has
provided guidance in restoration efforts as a regulatory agency in
the wetlands permit process and through its remediation of
Superfund sites. It is also a potential funding source through
various grant programs, e.g., Section 319 for nonpoint source
pollution reduction.

Army Corps of Engineerg (COE) -~ This agency has provided

guidance in restoration efforts as a regulatory agency in the
wetlands permit process. COE might also provide technical and
funding support for experimental dredging operations associated
with wetland restoration projects.

U.S. Soil cConservation Service (SCS) - This agency is
assisting in developing a watershed-based approach to addressing
nonpoint source pollution within the corridor. SCS is identifying
areas where new or improved stormwater retention, conservation,
and best management practices can reduce pollutant loading into
the wetland restoration sites. This agency is also assisting in
modeling surface water recharge and storm runoff for the
rehabilitation sites.

New Castle County Government - The County will provide input
on wetland rehabilitation projects as they relate to county
stormwater management practices and recreational facilities. The
County is also a landowner of several proposed wetland restoration
projects and their water control structures, and might provide
financial assistance to help implement restoration activities.

Trustees of New Castle Common - The Trustees are landowners
of several proposed wetland restoration projects within the New
Castle city limits. They are very supportive of the program and
have annually provided funding, operational support, and property
access ever since preliminary rehabilitation efforts were
initiated in 1987 on Broad Dyke and Gambacorta Marshes.

Delmarva Power - This public service utility is a landowner
of several proposed wetland restoration projects. Delmarva Power
is very supportive of the program and has provided funding,
operational support, and property access on several projects. A
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significant amount of their support has been through the Delmarva
Power Sportsmen Club, which has assisted in controlled burns,
experimental water level manipulations, and beneficial wildlife
plantings.

Brandvwine & Christina Rivers Task Force - This broadly

represented and diverse group of citizens, government leaders,
business interests, and environmental proponents was formed by
gubernatorial executive order in 1992. 1Its purpose was to develop
recommendations on what actions state and local governments could
take to protect and enhance these waterways. A Wetlands and
Wildlands Committee was established by the Task Force, separate
from the NDWRP, to identify and protect high quality wetlands;
restore damaged and destroyed wetlands; and to reduce nonpoint
source pollution in these rivers by improving watershed planning
and hydrology management. Currently, the Task Fecrce is pursuing
the development of a wildlife refuge and recreation area at 01d
Wilmington Marsh, a NDWRP-listed project. Because the objectives
of the NDWRP and the Wetlands and Wildlands Committee of this task
force are nearly identical, it is hoped that these efforts are
able to be collaborative rather than duplicative. The Steering
Committee suggests that the NDWRP be the vehicle through which the
Brandywine & Christina Rivers Task Force accomplishes its wetlands
rehabilitation goals.

Delaware Ducks Unlimited - The Delaware Chapter has provided
promotional support to the program and is interested in providing
funding support for specific wetland rehabilitation projects.

Wildlife Habitat Enhancement Council - This international
council of private industries has promoted corporate support for
the NDWRP.

Varioug Private Landowners - Although not members of the
steering committee, these private landowners are essential
partners in many of the wetland rehabilitation projects. Aas
property owners, their support of the program and input into the
rehabilitation plans are required to  access, develop, implement,
and maintain the restoration projects. 1In instances where there
are multiple landowners of a wetland rehabilitation project, a
landowner association can be formed to enable the proprietors to
determine management decisions based on a majority vote. The
formation of a landowner association can also provide a legal
mechanism in which taxation within the association provides a
source of funds for marsh management.

Although involvement and cooperation by these agencies are

important to the program, several interagency agreements or

developing policies are particularly noteworthy. A policy being
developed in concert with the NDWRP is the Delaware Divisions of
Water Resources and Fish and Wildlife attempt to establish a
Department position that allows for future wetland mitigation



15

credit (mitigation banking) for compensating for unavoidable
wetlands loss in advance of development actions. Several basic
elements of this policy have been proposed in the Delaware tidal
wetlands comprehensive plan (DNREC 1994), and have been identified
as a priority action project. This policy would differ from the
Department's regular process of not pre-disposing wetland
mitigation decisions on projects not completed or permitted, but
would be consistent with views currently being supported by the
Clinton Administration and being administered among natural
resource agencies in other Mid-Atlantic states.

The benefits of this policy to the NDWRP are that it provides
a mechanism and funding for the rehabilitation of the corridor by
allowing developers and corporations to receive wetland mitigation
credit for rehabilitation efforts conducted under the guidance of
the program. An example of a proposed project that would benefit
from this policy is the Artesian Marsh Rehabilitation. Artesian
Marsh is a 136-acre tidal freshwater wetland whose property owner,
the Artesian Water Company, is interested in assisting in its
rehabilitation, but desires mitigation credit. Additiocnally, the
Delaware Department of Transportation (DelDOT) has expressed
interest in wetlands mitigation at this site, because during its
permitting process the Army Corps of Engineers identified this
marsh as the preferred mitigation site for the wetlands lost by
the proposed widening of Interstate 95. Establishing a wetland
banking policy would allow these two parties to consolidate
resources and funding, historically slated from fragmented wetland
mitigation projects, into one large contiguous mitigation project
that can more effectively replace lost wetland functions and
values within the watershed. An additional benefit of advanced
compensation for wetland loss is that it provides for greater
certainty of successful mitigation, because mitigation is
established before permits are issued.

Several Superfund remediation settlements are currently
ongoing, and most involve remediation of wetlands or compensation
for natural resource injuries that are wetland related. Because
of the complexity of assessing resource injuries and developing
remediation plans, a task force comprised of state and federal
resource agencies was formed to assist in the remediation
negotiations for one of the NDWRP sites, Army Creek Marsh. This
task force, the Army Creek Superfund Natural Resources Damages
Trustees, is comprised of the U.S. Fish and Wildlife Service, the
National Marine Fisheries Service, and the Delaware Divisions of
Air and Waste Management and Fish and Wildlife. The task force
has embraced the NDWRP, and is currently considering the program's
regional rehabilitation strategy when assisting in the development
of Superfund remediation plans and natural resource damages
compensation. The next use of this task force approach to natural
resources injury assessment and damages determination, which might
not involve formation of an official trustee group, is in
association with the DuPont Newport Superfund site. This
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Superfund site might affect several NDWRP sites. This working
relationship being forged among the various agencies will provide
significant funding and technical resources to the NDWRP, while
providing an appropriate avenue for compensation of Superfund-
related natural resources injuries.

The Division of Soil and Water Conservation is currently
pursuing the formation of a landowner association at a proposed
wetland rehabilitation site by creatively utilizing the 200 year-
old Delaware Drainage Code. Chapter 41 of the Delaware Drainage
Code has historically been used to manage water and correct
drainage problems via tax ditch associations. However, at
Thousand Acre Marsh, an attempt is being made to help landowners
help themselves by utilizing a "tax ditch" organization to
biologically and hydrologically improve the marsh and its
management practices.

Historically, landowner disputes over water management
practices have significantly degraded and hindered the improvement
of Thousand Acre Marsh. Therefore, to resolve these disputes and
rehabilitate the marsh, the formation of the Thousand Acre Tax
Ditch Association was proposed to determine marsh management
decisions and implement actions based on a landowner majority
vote. The formation of a tax ditch association not only provides
a forum for decision making, but it also provides a legal
mechanism for taxation within the association by establishing a
dedicated source of funding for marsh management activities.
Additionally, as a legally binding organization, a tax ditch
association is eligible to apply for wetland restoration funding
from appropriate state and federal agencies. If this unique use
of the Delaware Drainage Code is successful at Thousand Acre
Marsh, DNREC anticipates using the same approach for similar marsh
management associations at other proposed wetland rehabilitation
sites with multiple landowners.

COMPONERTS OF THE REHABILITATION PLAN

An important element in any restoration effort is an
appropriately detailed restoration plan, followed by the more
difficult and essential task of actually implementing the planned
actions. This plan provides a foundation from which all
rehabilitation efforts are based. Without such a plan,
rehabilitation efforts may take tangential courses that might not
arrive at their targeted objectives. Although the plan should be
a definitive outline focused on achieving specific rehabilitation
objectives, it should also continue to evolve as new information
is obtained. This plan should be of sufficient detail so that
ambiguity during project implementation is minimized. Of course,
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the reality of implementing planned but untried or unproven
procedures might lead to alterations of the site-specific project
goals.

Wetland rehabilitation plans should be constructed around
scientifically-based biological inventories and ecological
evaluations of the site and its surrounding landscape. These
ecological studies should be designed to obtain information on the
degree and causes of wetlands dysfunctions, and provide baseline
data on all resources that might be affected by rehabilitation
efforts. This baseline information should provide historic and
current perspectives of the site, and insight on its potential.
Pertinent baseline information includes in part:

1) Hydrologic characteristics - detailed information on
tidal and groundwater influences, runoff
characteristics, and basin dynamics.

2) Water quality - parameters related to agquatic organisms
and state water quality standards.

3) cContaminants - point source and nonpoint source
pollutants, and hazardous waste sites potentially
impacting the site or its proposed restoration plan.

4) Fish communities - detailed analysis of present and
potential species composition and abundances with
emphasis on habitat requisites.

5) Wildlife use - emphasis placed on waterbirds and aquatic
mammals including species composition, abundances, and
seasonal habitat requirements. .

6) Threatened and endangered species, and species of
special concern - identify listed fauna and floral
populations and their critical habitats for protection
of biological diversity values.

7) Vegetation communities - determine species composition,
areal cover, productivity, biomass, and indices of
relative dominance and diversity.

8) Mosquito production - species composition, abundance
indices, and previous control efforts.

9) Land use - previous and present uses of the wetland site
and surrounding landscape.

10) Recreation and education opportunities and uses -
existing and potential opportunities and uses.

11) Geology and soil resources - physiographic provinces and
soil types.

12) Socioeconomic and cultural resources - potential impacts
of proposed rehabilitation plans to residents and
archeological sites.

Whenever possible, these studies should be designed to collect
quantitative data rather than anecdotal information. Properly
collected quantitative data are more likely to address issues
raised during regulatory reviews of restoration proposals.
Additionally, the comparison of properly collected quantitative
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baseline data with post-implementation data provides better
objective criteria for evaluating the success of site-specific
goals. However, because quantitative data are often expensive and
labor-intensive to collect, often at the expense of alternate
funding uses of perhaps more importance, it is occasionally
necessary to settle for scientifically-based qualitative
information.

The rehabilitation plan should clearly define the site-
specific objectives. The nature of these objectives should be
such that they not only rehabilitate a specific wetland, but they
also benefit the entire corridor by addressing one or more of the
regional objectives. Each site-specific objective should include
action steps required to accomplish the goal. These action steps
should be in enough detail to provide both implementing and
regulatory personnel with a clear understanding of what is
proposed to be conducted. These steps should also include
approximate initiation and completion dates. All site-specific
objectives should have measurable evaluative criteria to provide
temporal measures of success. If resources permit, these criteria-
should be quantitative and comparable with measurements of
baseline data.

A requisite to the long-term needs of this regional wetland
rehabilitation strategy is development of site-specific operation,
maintenance, and management plans (OMM plans). These plans might
have participation arrangements ranging from voluntary agreements
to enforceable policies. This component of the rehabilitation
plan provides assurances that rehabilitation efforts will be
implemented, maintained, managed, and modified as needed to
accommodate site-specific and regional objectives, and to prevent
the extenuation or reversal of restoration achievements. The OMM
plan identifies the agencies or parties responsible for site-
specific long-term rehabilitation needs. These responsibilities
include performing and funding the maintenance, repair,
replacement and inspection of various structures, e.g, water
control, wildlife enhancement, recreation, and erosion and
sedimentation control structures. Other responsibilities could
include implementing and funding various operating and management
practices, such as water and vegetation management plans:
phragmites, mosquito, and nonpoint source pollution control
programs; and emergency response to structure failures. The
responsibilities of a particular agency or party will be
documented through operation, maintenance, and management
agreements. This documentation might occur in the form of
voluntary or mandatory memorandums of agreement (MOA's) among
governmental agencies, voluntary or legally-binding documents
sigred by landowners or associations (e.g., conservation or water
management easements), or enforceable programs or policies. These
signed agreements provide the mechanisms needed to ensure long-
term rehabilitation success, with enforceable arrangements having
more certainty than voluntary measures.
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The final component of the rehabilitation plan is a provision
to actively involve the landowners and local environmental groups
in the rehabilitation effort. Active involvement by the public
not only promotes a increased awareness and understanding of
wetland functions and values, but it also provides additional
assurance of the long-term success of the project. Mechanisms to
involve landowners include: providing opportunities for input
into the rehabilitation process; developing water management and
conservation easements; forming watershed associations; inclusion
of landowner responsibility in the OMM plan; and developing
biological monitoring projects. Environmental groups can also
become advocates of a rehabilitation project through involvement
in community service and biological monitoring projects, and the
promotion of Departmental projects, e.g., Adopt-a-Wetland and
Christina River Cleanup.

8YSTEMATIC REHABILITATION PROCEDURE

The NDWRP has developed a systematic procedure to facilitate
the development and implementation of site-specific wetland
rehabilitation plans. This process not only provides a framework
for restoration planning and implementation, but it also promotes
frequent input by landowners, Steering Committee members, adjunct
committee members, and requlatory agencies. This framework also
encourages utilizing the technical expertise of the rehabilitation
team members and allocating task responsibilities to various

‘members. It is important to the cohesion, credibility, and

performance of the NDWRP effort that any proposed or new
activities affecting the program be brought to the attention and
review of the Steering Committee at the earliest possible time.
NDWRP participants should keep other members of the Steering
Committee fully informed about their activities on rehabilitation
sites, and not undertake substantive activities without Steering
Committee review and concurrence. Assignments of task
responsibilities in the NDWRP effort should be guided by
assessment of an agency's or individuals's official or traditional
responsibilities, which usually represent the best and most
appropriate source of knowledge, expertise, or experience about
the topics or problems at hand.

The systematic rehabilitation procedure for site-specific
projects is:

1) Present proposed rehabilitation site and preliminary
project objectives to the Steering Committee. The
Steering Committee reviews the rehabilitation candidate,
and if approved, designates a site-specific project
manager.



5)

6)

7)

8)

9)
10)
11)
12)

13)

14)

15)
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Designate or initiate acquisition of funding for the
development and implementation of the rehabilitation
plan.

Conduct tax map searches to identify landowners.
Contact landowners to solicit involvement in the
rehabilitation project and acquire permission to conduct
biological inventories and ecological evaluations.
Conduct biological inventories and ecological
evaluations of site.

Formulate a draft rehabilitation plan and present to
Steering Committee for review and approval.
Rehabilitation plan should be outlined on a tracking
form, which identifies site-specific multi-use
objectives, action steps required, and evaluative-
criteria. This form provides a mechanism whereby
project development, implementation, and success can be
updated and assessed.

Conduct additional biological inventories, ecological
evaluations, topographic surveys, hydrological studies,
and engineering designs as needed.

Obtain input on the rehabilitation plan from adjunct
committee members and regulatory agencies via
presentations and site visits.

Hold a public meeting with the landowners to identify
potential conflicts with the draft rehabilitation plan.
Finalize the rehabilitation plan and present to
Steering Committee for review and approval.

Prepare project specific environmental assessments and
permit applicaticns.

Establish community or environmental groups as advocates
of the rehabilitation project.

Present final rehabilitation plan to landowners for
comment. This step is frequently required in the permit
process.

Upon permit approval and acquisition of funding,
implement the rehabilitation plan and develop a final
work schedule.

Monitor evaluative criteria to determine the success of
accomplishing site-specific multiple-use objectives.
Make adjustments/additions to rehabilitation plan to
better achieve these goals or accommodate additional
objectives.

.The chronology of achieving such benchmarks will undoubtedly
deviate slightly among rehabilitation projects, as site-specific
opportunities or problems arise. Several of these benchmarks can
and should be initiated earlier in the process as opportunities
present thenmselves, e.g., funding acquisition, landowner contacts,
and obtaining bioclogical inventories, hydrological studies, and
ecological evaluations. Although minor changes in the chronology
are acceptable, it is imperative to the overall success of the
rehabilitation strategy that all the outline benchmarks are
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achieved prior to plan implementation. This requirement of
assuring that all pertinent benchmarks are addressed prevents
projects from being implemented in a haphazard "shotgun approach".
Such an approach is less likely to achieve regional objectives and
more likely to promote negative feedback concerning the program.
At the same time, the planning process must not take on a life of
its own and become an excessively lengthy or costly procedure,
which would also generate negative feedback.

S8ITE-SPECIFIC REHABILITATION PROJECTS UPDATES

Currently, 31 wetland rehabilitation sites are identified
within the highly degraded urban corridor along the Christina and
the Delaware Rivers (Table 2). Rehabilitation efforts on 11 of
these sites have significantly advanced beyond this preliminary
identification phase (Fig. 3). Progress varies among these 11
sites, ranging from the development of site-specific ecological
evaluations, to landowner negotiations, to acquisition of funding,
and implementation of the rehabilitation plan. Site-specific
descriptions and tracking forms outlining the project goals,
action steps needed, and evaluative criteria of several of these
projects are presented in the appendices. Provided in the
subsequent sections are updated progress reports for these 11
ongoing projects. .

Broad Dyke Marsh

The administrative lead for this project is the Division of
Fish and Wildlife with substantial technical and administrative
support being provided by the New Castle Conservation District,
particularly in the design and construction of the proposed water
control structure. The Division of Air and Waste Management has
provided extensive information concerning potential contaminant
sources within the watershed and their likelihood of impacting the
project. The Division of Parks and Recreation is coordinating the
inclusion of portions of this marsh into the Delaware Coastal
Heritage Greenway Program. Other Divisions and agencies have also

provided support.

Studies initiated in 1987 have determined that the
successful, long-term restoration of the Broad Dyke Marsh is
dependent upon replacing the existing or installing an additional
water control structure (Delaware Mosquito Control Section 1988).
This new structure must be a larger, more specialized structure
that allows carefully controlled tidal exchanges while having the
capacity to release significant stormwater input. It should also



Table 2. Wetland sites proposed for rehabilitation under the
Northern Delaware Wetland Rehabilitation Program (NDWRP).

Site (n=31) Acreage
Airport Marsh Wetland Complex 139
Army Creek Marsh 235
Artesian Marsh 136
Augustine Creek Wetland Complex 1130
Banning Park Marsh 84
Brocad Dyke Marsh 210
Buttonwood Marsh 100
Cherry Island 325+
Christina Creek Marshes 225
Churchman's Marsh , 250
The Delmarva Power and Light Impoundment 81
Dragon Run Marsh 615
Everglades Marsh 289
Gambacorta Marsh 41
Glenville Marsh 45
Hamburg Cove Marsh 202
Holloway Terrace Marsh 46
ICI Marsh 30
Luken's Marsh 215
National Guard Marsh 170
NeCastro Marsh - 29
Newport Marsh 44
Nonesuch Creek Basin 588
0ld Canal Marshes/Scott Run 542
0ld Wilmington Marsh 325+
Pea Patch Island Marsh 90
Red Lion Marsh 465
Shellpot Creek Marsh 150+
Silver Run/Augqustine Wildlife Complex 2115
South Wilmington Wetland Fragments 200
Thousand Acre Marsh 1288

Total 10,404+



Fig. 3. Wetlands restoration sites currently being developed or
implemented by the Northern Delaware Wetlands Rehabilitation
Program (NDWRP).
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operate in an automated fashion to eliminate the need for labor-
intensive management and maintenance. Because most of the
rehabilitation plans and management decisions regarding this
proposed project are dependent on the hydrology of Broad Dyke
Marsh being restored, rehabilitation efforts have focused on
obtaining designs, funding, and permits for this new water control
structure. Once this structure is in place, additional
rehabilitation efforts will continue.

Complementing the extensive studies and management practices:
conducted in 1987-1989 (Delaware Mosquito Control Section 1988;
1990), a biological inventory and ecological evaluation of the
marsh was completed in November 1992 (Cole and Fabean 1992).
Information obtained in these studies has assisted in the
hydrologic and hydraulic modeling of the system. This modeling
(Williams and Broome 1992) has led to the design and final
selection of a $500,000 automated water control structure,
containing a vertical lift gate and automatic water-level sensors,
that allows daily tidal exchange and regulates marsh water levels.
This structure will be installed adjacent to the existing
structure, which will be maintained to increase outflow during
heavy storm events. Rehabilitation and water management plans
have also been developed (Appendix A), and are awaiting approval
by the Steering Committee. The permit submission process will be
initiated when these plans are approved.

Current ongoing management practices include an annual
maintenance program to control phragmites through aerial
applications of herbicide. An initial herbicide treatment of 112
acres was conducted in the late 1980's. 1In 1993, 38 acres of
persistent and regenerating stands were treated. Efforts are
underway to conduct controlled burns on several of these
persistent stands during the late winter of 1994. Additional
ongoing management practices include daily monitoring of marsh
water levels, annual surveys of wood duck production, seasonal
inspections of mosquito breeding, and monitoring of floral and
faunal communities. Permanent vegetation transects and water
quality sampling stations will be established in the marsh during
the summer of 1994 to provide a baseline for evaluative criteria.

Both landowner and community support for this project have
been outstanding, with 90% of city of New Castle residents
supporting it (Barnekov and Appel 1993). The largest landowner,
the Trustees of New Castle Common, has provided significant
funding for the project. Obtaining non-financial support has also
been successful. Two environmental groups from lccal high schools
have adopted the marsh through DNREC's Adopt-A-Wetland Program.
During the 1993 Delaware Coastal Cleanup, these environmental
groups initiated a trash cleanup in the marsh. These groups are
currently developing additional environmental education,
ecological monitoring, and cleanup programs through the assistance
of DNREC.
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Approval of the project by the appropriate regulatory
agencies is anticipated in June 1994. A final version of the
draft environmental assessment will be submitted in March 1994,
with the appropriate permits. Several site visits and
presentations have been attended by various regulatory agency
personnel, and all feedback has been positive with several
agencies providing helpful input regarding the development of the
rehabilitation plan and the environmental assessment. Partial
clearance for the project has been received by the State Historic
Preservation Office. Currently, a draft operation and maintenance
plan for the proposed water control structure has been developed.
Participants in this plan include the Delaware Division of Fish
and Wildlife, the New Castle County Public Works, the City of New
Castle, the Trustees of New Castle Common, and the New Castle
Immanuel Episcopal Church.

Funding support for the project has advanced slowly:; however,
sufficient funding is anticipated to initiate construction of the
water control structure in the summer of 1994. Secured and
pending funding sources for the structure include:

Secured
EPA Section 319 Nonpoint Source Pollution Grant $ 180,000
Trustees of New Castle Common 105,000
State of Delaware, FY-93 Appropriation 50,000
$ 335,000
Pending N
New Castle County Public Works Department $ 100,000
State of Delaware, FY-94 Appropriation 50,000
Ducks Unlimited, Inc. (Delaware Chapter) 40,000
$ 190,000

Gambacorta Marsh

The administrative lead for this project is the Division of
Fish and Wildlife. The New Castle Conservation District is
assisting in the design of the proposed water control structure.
The District has also taken the lead in addressing a sedimentation
problem occurring in an adjacent lumber yard. Recent vegetation
control and construction practices within this lumber yard have
caused increased sedimentation of a portion of the marsh. The
District is pursuing the installation of a water conveyance system
with diversion berms, and subsequent revegetation of the area to
prevent additional sedimentation from occurring. Once the
sedimentation is controlled, the silted-in area cf the marsh will
be excavated. Other divisions and agencies have also provided
support. The Division of Soil and Water Conservation has compiled
a comprehensive nonpoint source pollution control plan for the
marsh. The Division of Air and Waste Management has provided



26

extensive information concerning potential contaminant sources in
the watershed, particularly the marsh sediment, and their
likelihood of impacting the project. The Division of Parks and
Recreation is coordinating the inclusion of portions of this marsh
into the Delaware Coastal Heritage Greenway Program.

The rehabilitation status of Gambacorta Marsh is that it is
awaiting funding and permit review. A biological inventory and
ecological evaluation of the marsh was completed in November 1992
(Cole and Fabean 1992), and the rehabilitation and water
management plans (Appendix B) were approved by the Steering
Committee in April 1993.

The water management plan was implemented in August 1993
after the existing water control structure was temporarily
modified to allow daily tidal exchange. Since the plan's
implementation, water levels and salinity have been monitored on a
weekly basis. Additional water quality parameters will be
monitored in the near future. Other ongoing management practices
include an annual maintenance program to control phragmites
through aerial application of herbicide. 1In 1993, 10 acres of
persistent and regenerating stands were treated. This control
plan, initiated in the late 1980's, has reduced the areal coverage
of phragmites within the marsh by approximately 82%. Efforts are
underway to conduct controlled burns on several of these
persistent stands during the late-winter of 1994. Annual surveys
of wood duck production and weekly surveys of waterbird use are
being conducted to determine the success of the wood duck nest
boxes and the water management plan, respectively. ‘Seasonal
inspections of mosquito breeding, and monitoring of floral and
faunal communities, are also being conducted. Five permanent
vegetation transects were established in the marsh during August
1993. These transects provide baseline data to evaluate and
modify the water management plan and future wetland rehabilitation
efforts.

Community support for this project has been outstanding as
determined by the mostly positive responses from visitors
utilizing the adjacent New Castle Scenic Walkway. Several walkway
users were concerned about the seasonal draw downs; however, an
interpretive sign will address these concerns and provide an
understanding of the management goals of the marsh. Although
participants of the 1993 Delaware Coastal Cleanup assisted in
removing a significant amount of trash from the marsh, DNREC is
still soliciting for a local environmental group to formally adopt
the marsh through the Adopt-A-Wetland Program.

The primary reason for the delay in implementing the
Gambacorta Marsh rehabilitation plan is that the landowner,
Trustees of New Castle Common, is currently funding another
project, Broad Dyke Marsh. The Trustees are understandably
hesitant to fund or approve extensive rechabilitation efforts on
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Gambacorta Marsh until the other wetland rehabilitation project is
partially completed. However in September 1993, the Trustees
approved portions of an interim rehabilitation proposal for the
marsh. Within the framework of this proposal, the Trustees have
provided funding for additional phragmites control work, the
creation of scenic vistas along the Scenic Walkway, and the
construction of interpretive signs along the Scenic Walkway. The
phragmites control and clearing of vistas along the walkway were
preformed by the Trustees and the Division of Fish and Wildlife.
Additional assistance in the clearing of brush was obtained
through prison labor from the Delaware State Department of
Corrections. Construction of the interpretive signs is proposed
in the spring of 1994 after the Trustees and the Division of Parks
and Recreation finalize the inclusion of the scenic walkway into
the Delaware Coastal Heritage Greenway Program. These signs will
be designed cooperatively among the Trustees and the Divisions of
Fish and Wildlife and Parks and Recreation. The DuPont Company
donated $5,000 to the Trustees to develop and construct these
signs. ‘

The only item of the interim proposal that was not approved
by the Trustees was the construction of a 6~-foot-high observation
platform overlooking the marsh. This item was placed on hold
because it was feared that the additional use of this structure
might exacerbate a parking problem at the entrance of the Scenic
Walkway. The Divisions of Fish and Wildlife and Air and Waste
Management are currently assisting in developing a resolution to
this parking problem through acquisition of property as part of
the Army Creek Superfund Natural Resources Damages settlement.

An environmental assessment and permit applications will be
submitted once funding for the new water control structure and
final approval by the Trustees is received. Several site visits
and presentations have been attended by various regulatory agency
personnel, and all feedback has been positive with several
agencies providing helpful input regarding the development of the
rehabilitation plan. Existing and potential funding sources for
this project include the Trustees of New Castle Common, Delaware
Department of Transportation, Brosius-Eliason Lumber Company, and
the DuPont Company.

Thousand Acre Marsh

The administrative lead for this project is the Division of
Soil and Water Conservation. The New Castle Conservation District
has administered a contract to develop a 2-foot contour map of the
marsh's 3,067-acre watershed. The Division of Parks and
Recreation's Natural Heritage Inventory is currently conducting a
biotic composition and natural community description of the marsh.
Other Divisions and agencies have alsc provided support.
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This project was initiated by the Division of Fish and
Wildlife in 1991 through a grant provided by the U.S. Fish and
wildlife Service. This grant provided the funding for completing
a draft report on the general background, description, and
management recommendations for Thousand Acre Marsh (Carter 1992a).
Information obtained in this and subsequent studies have assisted
in the development of rehabilitation and water management plans
(Appendix C). These plans will be submitted to the appropriate
regulatory agencies for permitting after review and approval by
the Steering Committee.

Several site-specific marsh and watershed rehabilitation
efforts are proposed for this marsh including: conducting an
extensive phragmites control program; installing a new water
control structure; utilizing innovative dredging technology to
restore "wet island" habitats; restoring channels to improve marsh
access and water circulation, and identifying areas within the
watershed where conservation practices would improve surface water
runoff quality. However, the implementation and funding of these
rehabilitation efforts are conditioned on the formation of a
landowner tax ditch association. This association would enable
the 22 private landowners to determine management Actions based on
a majority vote, and provides for a legal mechanism in which
taxation within the association provides a source of funds for
marsh management. Several landowner meetings have been held (the
most recent in July 1993) to provide detailed overviews of the
marsh rehabilitation and tax ditch formation plans. These public
meetings were preceded and followed by meetings with individual
landowners to address specific concerns, questions, and needs. A
petition to investigate the feasibility of the formation of the
Thousand Acre Tax Ditch Association was signed by a majority of
landowners (55%) in July 1992. The Superior Court of Delaware
approved the formation of this association in March 1993. A final
vote by the landowners whether to form the Thousand Acre Tax Ditch
Association is expected in February 1994.

There appears to be a concern by some landowners regarding
the prospect of allowing limited estuarine exchange with Thousand
Acre Marsh. These concerns are in regard to potential changes in
marsh salinity and vegetation composition, and fluctuating water
levels. This sensitivity over tidal exchange was sufficient to
prevent the Division of Fish and Wildlife from undertaking an U.S.
Fish and Wildlife supported estuarine fisheries habitat assessment
of the marsh. Not reintegrating this large wetland area with the
estuary would severely limit the number of regional multiple-use
objectives achieved by the restoration plan. Limited tidal
exchange would benefit water quality, fisheries use, control of
pestiferous mosguito populations, and two large wading bird
colonies within the corridor. Initiatives are now being made to
convince landowners of the necessity and benefits of restoring
limited estuarine exchange to the marsh.
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Initiation of an environmental assessment and permit
applications are pending formation of the Tax Ditch Association
and its decision with regard to wetland rehabilitation activities.
However, state and federal wetland permits have been received to
construct 560 yards of rip-rap stabilization along an individual
landowner's property, and to address an erosion problem along the
intercoastal dike (Route 9). The rip-rap stabilization was
completed in the summer of 1993 and the erosion problem along
Route 9 will be addressed in January-February 1994. Additional
ongoing management practices include the February 1992
implementation of an interim water management plan, weekly
monitoring of water levels and water quality (salinity,
temperature, dissolved oxygen, nitrogen, phosphorus), and seasonal
inspections of mosquito breeding.

Several site visits and presentations were attended by
various regulatory agency personnel, and feedback was mostly
positive. Some concern was been raised regarding the funding and
involvement by public agencies for the benefit of a private
association; however, a position paper identifying the public
benefit of this rehabilitation project is being developed.
Additionally, the recent approval for the acquisition of 100 acres
of this marsh by the Division of Fish and Wildlife should also
enhance the public benefit of the proposed rehabilitation efforts.

Funding for this project has been received from the U.S. EPA
Delaware Estuary Program Grant ($41,500), environmental
reimbursement funds associated with the Presidente Rivera oil
spill ($13,000), and other unspecified penalty monies ($17,000).
The FY-94 DCMP Section 309 Enhancement Strategy for the NDWRP was
redirected to provide funding for the establishment of a detailed
nonpoint source pollution reduction plan and other wetland and
watershed enhancement and rehabilitation projects at Thousand Acre
Marsh. The Potential funding sources include the state bond bill,
the Army Corps of Engineers, and funds derived from self-taxation
by the Tax Ditch Association. The proposed Tax Ditch Association,
as a legally binding organization, is also eligible to apply for
wetland restoration funds from outside sources.

Delmarva Power and Light Impoundment (DPL Impoundment)

The administrative lead for this project is the Division of
Fish and Wildlife. The New Castle Conservation District has
assisted in developing watershed maps and addressing water supply
issues. The Division of Soil and Water Conservation has compiled
a comprehensive nonpoint source pollution control plan for the
marsh. The Division of Air and Waste Management has provided
extensive information concerning potential contaminant sources in
the watershed and their likelihood of impacting the project, in
particular a solid waste landfill within the proposed
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rehabilitation area. Other Divisions and agencies have also
provided support.

A biological inventory and ecological evaluation of the marsh
was completed in November 1992 (Cole and Fabean 1992), and a
rehabilitation plan (Appendix D) was developed. Current ongoing
management practices include a phragmites control program that was
initiated in 1992. This program involves annual aerial
applications of herbicide on phragmites stands followed by
controlled burns the subsequent winter. A partially successful
burn was conducted in March 1993, and 58 acres of persistent and
regenerating stands were retreated with herbicide in October 1993.
Additional management practices include an extensive topographic
survey of the marsh and surrounding upland areas, seasonal
inspections of mosquito breeding, hydrological manipulations of
the existing water control structure, and monitoring of floral and
faunal communities.

The two landowners of this wetland have differed in their
response to the rehabilitation project. Delmarva Power has fully
supported this project through both their Real Estate Department
and Sportsmen Club. The Real Estate Department provided funding
for phragmites spraying, and the Sportsmen Club provided
assistance with the controlled burns, hydrological manipulations,
and trash removal during the 1993 Delaware Coastal Cleanup. Star
Enterprises is supportive of the wetland rehabilitation
initiative, but they are not interested in consenting to a long-
term management agreement or providing any funding for the
rehabilitation of the DPL Impoundment unless they can receive
"environmental consideration" to be used as mitigation in an
unrelated project. However, recent information indicates that
Star Enterprises might reconsider consenting to a long-term
management agreement in the near future.

The current rehabilitation status of the DPL Impoundment is
that concerns regarding the feasibility of the rehabilitation
effort need to be addressed before the Steering Committee approves
the plan. One concern is that the proposed expansion of a sand
and gravel extraction operation in the watershed might divert a
significant amount of storm runoff away from the marsh and into
another watershed, critically lessening the water supply of the
marsh. This concern has recently been addressed by obtaining the
contour maps and sedimentation contrel plans for the proposed
extraction operation. These plans and maps indicate that the
extraction operation will not significantly impact the water
quality or supply for the proposed marsh. The other concern
pertains to whether the integrity of the existing dike will
support the proposed water levels. Efforts are currently underway
to have a registered engineer examine the dike and rehabilitation
proposal. An environmental assessment and permit applications
will be submitted when the rehabilitation plan is approved by the
Steering Committee; when funding for the new water control
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structure is obtained; and when Star Enterprises supports a long-
term management agreement for their portion of the wetland.
Existing or potential funding sources for this project are
Delmarva Power and Star Enterprises.

Newport Marsh

The administrative lead for this project is the Division of
Fish and wWildlife; however, because this marsh has been
potentially impacted by the E.I. DuPont Newport Superfund Site,
the Division is coordinating this work with the Division of Air
and Waste Management and the other DuPont Newport Superfund
Natural Resources Trustees (U.S Fish and Wildlife Service,
National Marine Fisheries Service). Other Divisions and agencies
have also provided support.

A biological inventory and ecological evaluation of the marsh
was completed in November 1992 (Cole and Fabean 1992), and a draft
rehabilitation plan was developed and will require approval by the
Steering Committee prior to submission for permits. Management
practices and further rehabilitation efforts on this marsh have
been curtailed until decisions regarding the potential impacts and
natural resource injuries associated with the Superfund site are
resolved. A primary concern is that by rehabilitating the marsh
prior to addressing the Superfund contaminant issues, we might be
increasing the potential risk of contamination to wildlife and
humans. Management practices have been limited to topographic
surveys of the marsh and surrounding upland areas, seasonal
inspections of mosquito breeding, and monitoring of floral and
faunal communities. The phragmites control program initiated in
1992 was discontinued.

There has been considerable community support to rehabilitate
this state-owned property. The City of Newport has expressed a
desire to maximize the marsh's educational and recreational
potential, and a local high school has requested adopting it
through the DNREC Adopt-A-Wetland Program. This community support
will be utilized once the rehabilitation plan is finalized and the
permit process initiated, which are dependent on the Superfund
issues being addressed. If it is determined that the Superfund
site significantly impacted the wetland, then potential funding
for this project might be obtained through the DuPont Newport
Superfund Remediation Plan. If the wetland has not been
significantly impacted by the Superfund site, then restoration
funding might be obtained through the compensation for the
Superfund natural resource injuries.
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Artesian Marsh

The administrative lead for this project is the Division of
Fish and wWildlife, with substantial technical and administrative
support being received from other Divisions and agencies. The
Division of Air and Waste Management has provided extensive
information concerning potential contaminant sources in the
watershed, technical assistance in sediment sampling for toxins,
and administrative assistance in coordinating potential
rehabilitation plans with the DuPont Newport Superfund Site. The
Division of Water Resources is currently assisting in the
development of a site-specific wetlands mitigation banking effort
to promote this wetland rehabilitation project. This Division has
also provided technical assistance in testing sediment samples.
The New Castle Conservation District has provided technical
assistance in conducting topographic surveys of the marsh and has
provided information regarding floodplain ordinances in the
watershed. Other Divisions and agencies have also provided
support.

A biological inventory and ecological evaluation of the marsh
was completed in September 1993 (Cole and Cole 1993), and a draft
rehabilitation plan (Appendix E) is being developed for review and
approval by the Steering Committee. Rehabilitation efforts for
this wetland have been delayed, because the marsh might have been
impacted by the DuPont Newport Superfund Site or several other
potential contaminant sources in the watershed. This site has
also been identified as a potential mitigation site for natural
resource damages associated with the superfund site. Therefore,
the Division is coordinating this restoration with the DuPont
Newport Superfund Natural Resources Trustees (Division of Air and
Waste Management, U.S Fish and Wildlife Service, National Marine
Fisheries Service). Because of the concern for potential
contaminants, sediment sampling of the marsh was conducted in June
1993. This preliminary sampling identified high levels of zinc in
the sediment; however, additional sampling is required for .
conclusive results. Rehabilitation plans will not proceed until
this issue is addressed, because by rehabilitating the marsh prior
to having contaminant issues addressed, we might be increasing the
risk of exposing wildlife and humans to toxins. Current
rehabilitation practices include conducting an extensive
topographic survey of the marsh, surrounding upland areas, and
adjacent flood plains; mapping and assessment of breaches in the
existing dike; daily monitoring of water levels in the adjacent
Christina River; seasonal inspections of mosquito breeding; and
monitoring of floral and faunal communities.

The property owner of the marsh, Artesian Water Company, is
interested in assisting in this rehabilitation, but desires
mitigation credit for possible use on a proposed reservoir
project. The DelDOT has also expressed interest in wetlands
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mitigation at this site. During DelDOT's permitting process, the
Army Corps of Engineers has identified this marsh as the preferred
mitigation site for the wetlands lost by the proposed widening of
Interstate 95. The Divisions of Fish and Wildlife and Water
Resources are seeking a Departmental position that allows Artesian
Water, and possibly DelDOT, to receive future mitigation credit
for their support in this rehabilitation project. This policy
would differ from the Department's regular process of not pre-
disposing wetland mitigation decisions for projects not completed
or permitted.

When the various contaminant, Superfund, and landowner issues
are resolved, the rehabilitation plan, environmental assessment,
and permit applications will be submitted to the Steering
Committee and the appropriate regulatory agencies. Potential
funding sources for this project are those previously mentioned,
i.e., Artesian Water Company, DelDOT, and natural resource damages
associated with the DuPont Newport Superfund Site. Another party
interested in assisting DNREC in this project is the U.S. Fish &
Wildlife Service, which has indicated that they would like to
become involved through their private lands initiative, the
Partners For Wildlife Program.

Auqustine Creek Wetland Complex

The administrative lead for this project is thé Division of
Fish and Wildlife. The Division of Parks and Recreation's Natural
Heritage Program has recently completed floristic composition
studies and rare plant surveys of the marsh (Appendix F), and the
New Castle Conservation District has assisted in developing
watershed maps and sedimentation control plans. Other Divisions
and agencies have also provided support.

A biological inventory and ecological evaluation of the marsh
was completed in September 1993 (Cole and Cole 1993).
Complementing these studies, the U.S. Fish and Wildlife Service
funded a estuarine fish habitat suitability evaluation for the
marsh, designed and coordinated by the Division of Fish and
Wildlife and preformed by a contractual environmental consulting
firm (Environmental Consulting Services, Inc. 1993). A
rehabilitation plan is being developed for approval by the
Steering Committee. Current management practices include
hydreological manipulations of the water control structure to fine
tune and implement an interim water management plan. Hydrological
manipulations and weekly water level and salinity monitoring were
initiated in December 1992 in response to landowner requasts.
Design specifications and installation procedures have been
developed to install an automated water level recorder in the
marsh during the summer of 1994. A solution to a sedimentation
and highway stabilization problem along the intercoastal dike
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(Route 9) is currently being developed with the assistance of
DelDOT and the New Castle Conservation District. Additional
ongoing practices include conducting an extensive topographic
survey of the marsh and surrounding upland areas, seasonal
inspections of mosquito breeding, and monitoring of floral and
faunal communities.

The Augustine Creek Wetland Complex is owned by 46 different
landowners, with most of the property in private ownership (90%).
Currently, the Division of Fish and Wildlife is working with these
landowners to establish long-term conservation and water
management easements for the complex. The formation of a
watershed association similar to that proposed at Thousand Acre
Marsh is another long-term management option being investigated
for possible consideration. The three largest landowners,
representing 42% (471 acres) of the wetland complex, have .
indicated a desire for a long-term management agreement. The
largest landowner, Delaware Wildlands (236 acres, 21%), has
provided funding for the short-term maintenance of the existing
water control structure and the installation of wildlife
enhancement structures. This conservation organization also
allows environmental groups to conduct educational tours through
its Armstrong heronry, and has expressed a desire to contribute
additional funding to rehabilitate the marsh.

A grant application for $240,894 has been submitted to the
U.S. Fish and Wildlife Service for its 1994 National Coastal
Wetlands Conservation Grant. This grant would fund, the .
construction and installation of an additional water centrel
structure that would allow limited tidal exchanges, plus the
treatment of approximately 300 acres of monotypic phragmites
stands. Last year a similar proposal for this project was ranked
#1 in the Northeast Region and #11 nationally. Unfortunately,
only the top 10 proposals were funded. Preliminary feedback from
the granting agency does not look favorable again this year, but a
final funding decision has not yet been conveyed. If funding is
obtained for this project, emphasis will be placed on finalizing
long-term management agreements and rehabilitation plans among the
many landowners, and completing the environmental assessment and
permit applications for the appropriate regulatory agencies.
Other potential funding sources for this project include Delaware
Wildlands, DelDOT, Public Service Electric Gas, and the Federal
Emergency Management Agency.

0l1d Wilmington Marsh

The rehabilitation of this wetland is being co-administered
by DNREC's Office of the Secretary and the Division of Soil and
Water Conservation; however, they are coordinating all efforts
with the Brandywine & Christina Rivers Task Force, the proponent
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of this project. DNREC has agreed to assume the role of v ®
"facilitator" for this project, but it cannot assume management:
responsibilities. The NDWRP has had little direct involvement itos
date with this project. The Division of Air and Waste Management.

is assisting in addressing potential hazardous waste issues at:the .. i
site by developing an environmental investigation strategy through
its Christina River Basin Hazardous Waste Sites Restoration
Project. The Division of Parks and Recreation is 1nvestlgat1ng
recreational opportunltles at the 51te, and the New Castle LTI
Conservation District is assisting in addressing stormwater EERRCAN SR ¢
flooding and nonpoint source pollution problems. Other Divisions . = :t
and agencies have also provided support. WL

Before rehabilitation efforts can be further pursued, the:ii.:
potential of hazardous wastes at this site must be addressed.
primary concern is that by restoring the marsh to the proposed::;
wildlife refuge and public recreation area prior to addressing
these contaminant issues, we might be increasing the risk of =
contamination to wildlife and humans. A Departmental strategy to {t:
conduct sediment analysis throughout the project area is currentlyiii.:
being developed. As proposed, all DNREC Divisions would Ty we it
contribute to the funding for this sediment testing. Once the T ot
contaminant issues are addressed and if it is determined that the © ¢
wetland rehabilitation effort should go forward, emphasis will be
placed on developing a biological inventory and ecological
evaluation of the marsh. Information obtained from these Studies...:
will be used in the development of rehabilitation plans, which -0 .
will be submitted to the appropriate regulatory agencies fon
permits once approved by the Steering Committee.
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The City of Wilmington and the Brandywine & Christina: Rivers:
Task Force have been very supportive of the project. Landdwner
support has also been positive; however, once sediment testing
occurs this may change. Two landowners, Conrail and New Castle
County, have indicated a desire to donate or lease the land to ...
DNREC. However, DNREC will not accept any property suspected of =~
containing hazardous wastes. The DCMP Section 309 Enhancement ="«
Strategy has redirected funding for the establishment of a
detailed nonpoint source pollution reduction plan, plus other . >
wetland and watershed enhancement and rehabilitation projects at Ll
0l1d Wilmington Marsh. Other potential funding sources for this i
project include the landowners of the marsh. :
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Army Creek Marsh

The wetlands of this project being rehabilitated under the -
direct guidance of the Army Creek Superfund Project; therefore,::
the rehabilitation procedure for this project will differ from:
those outlined in this planning document. The administrative::
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lead in preparing the wetland restoration plan is the Army Creek
Superfund Natural Resources Damages Trustees comprised of the
following agencies: Division of Fish and Wildlife, Division of
Air and Waste Management, U.S Fish and wWildlife Service, and
National Marine Fisheries Service. The Environmental Protection
Agency (EPA) and the Steering Committee will review the final
rehabilitation plan, but approval is only required among the
Trustees. The permitting process might differ in that it is built
into the Superfund guidelines; however, the appropriate regulatory
agencies will be provided an opportunity to comment. The Division
of Parks and Recreation is assisting the Trustees in the
acquisition of upland areas as compensation for natural resource
injuries, and in gaining marsh landowner cooperation to undertake
wetlands restoration. The New Castle Conservation District will
assist in the preliminary assessment and design of the proposed
water control structure, and the development of an operation,
maintenance, and management plan for the structure. The
Department of Transportation is coordinating its proposed
construction plans of Route 9 with this wetland rehabilitation
project. Other Divisions and agencies have also provided support.

A biological inventory and ecological evaluation of the
wetland complex was completed in November 1992 (Cole and Fabean
1992). Based on these and other studies associated with the
Superfund site remediation, a final wetlands rehabilitation plan
and its environmental assessment will be prepared and presented to
the Steering Committee and the EPA in December 1994. Once the
rehabilitation plan is completed, the Army Creek Superfund Natural
Resources Damages Trustees will implement the plan. Formal
contacts obtaining landowner support for the marsh restoration are
currently being initiated. It is anticipated that community
support for this project will develop following the proposed
August 1994 public presentation of the rehabilitation plan.
Funding for this project has been obtained through a mitigation
settlement for natural resource damages associated with the Army
Creek Superfund Site.

Airport Marsh Wetland Complex

The administrative lead for this project is the Division of
Fish and Wildlife. The Division of Air and Waste Management has
provided extensive information concerning potential contaminant
sources in the watershed, and administrative assistance in
coordinating rehabilitation plans with the DuPont Newport
Superfund Site. Other Divisions and agencies have also provided
support.

A biological inventory and ecological evaluation of the
wetland complex was completed in September 1993 (Cole and Cole
1993), and a draft rehabilitation plan is being developed for
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approval by the Steering Committee prior to submission for
permits. Rehabilitation efforts for this wetland complex have
been delayed, because the complex might have been impacted by the
DuPont Newport Superfund Site or several other potential
contaminant sources in the watershed. This site has also been
identified as a potential compensation site for natural resource
injuries associated with the Superfund site. Therefore, the
Division is coordinating this restoration with the DuPont Newport
Superfund Natural Resources Trustees (Division of Air and Waste
Management, U.S Fish and Wildlife Service, National Marine
Fisheries Service). Rehabilitation practices have been limited to
inspections of the existing water control structure, seasonal
inspections of mosquito breeding, monitoring of floral and faunal
communities, and the aerial application of herbicide on 16 acres
of phragmites in 1993.

The development of community and landowner support for this
project were only recently initiated; however, the three largest
landowners (Delaware Department of Transportation, New Castle
County, Delmarva Power) are supportive of the project. Several
private landowners of small sections of the wetland complex have
also indicated their support. The Delaware Trappers Association
has unofficially adopted this wetland area. This Association has
conducted annual trash cleanups of the wetland complex and has
posted "No Dumping” signs in an attempt to curb this continuing
problem. A potential funding source for this project is the
pending mitigation settlement for natural resource injuries
associated with the DuPont Newport Superfund Site.

ICI Marsh

The administrative lead for this project is the Division of
Fish and Wildlife. Although an enhancement report of the area was
completed in 1991 by the Division and the Wildlife Habitat
Enhancement Council, the formal rehabilitation process of this
marsh has only been recently initiated. The landowner, ICI
Specialty Chemicals, wants to restore this degraded marsh to
encourage wildlife use, provide an aesthetic recreational area for
its employees, and promote good public relations by being
responsible land stewards. The Delaware Nature Society has also
expressed support for this project and has attended site visits.
Ecological evaluations have been limited to site visits and
historical review of past practices within the marsh. Based on
this information, the Division has recommended that water and
sediment samples of the two lagoons at the site be tested for
contaminants prior to any restoration efforts being undertaken.
Funding for this project and the contaminant testing might be
obtained from ICI Specialty Chemicals.
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PROJECT SUMMARY AND ASSESBMENT OF FUTURE NEEDS

The Northern Delaware Wetlands Rehabilitation Program like
many other large multi-agency initiatives was characteristically
"slow out of the starting blocks" in terms of achieving
benchmarks. This initial torpor was compounded by a change of
personnel both within the program and the Department overseeing
it. However, once this weaning period was completed, which
involved the program being stretched in many different directions
(some opposing), the program could better focus on addressing the
tasks and objectives it was intended to tackle. After 1.3 years
of implementation, the program has accomplished almost all of the
objectives it proposed during the first 2 years of DCMP funding,
namely to develop a planning and implementation document for a
regional, multi-objective strategy to rehabilitate degraded tidal
wetlands along the two urban river corridors.

The initial step required in developing this "regional™®
strategy was to define the focus area of the program, i.e.,
identify the sites proposed for rehabilitation and establish the
initial boundaries of the corridors. Much of this work was
completed prior to the DCMP granting period (Carter 1991a);
however, this list of potential wetland rehabilitation sites
(Table 2) has been and will continue to be updated, refined, and
expanded as the program advances. A map (Fig. 3) identifying the
proposed wetland rehabkilitation sites will be periodically
updated, identifying both primary target sites and successfully
restored projects.

Enormous effort was expended in developing a Steering
Committee and an administrative organization for the program that
maximized multi-agency resources and technical expertise, while
striving to minimize "turf battles", outside agendas, and biased
viewpoints. Although initially an arduous task, a framework was
developed that promoted a tiered organizational approach. After
several attempts to organize and convene a steering committee
comprised of all Department and outside agency representatives,
two items became apparent: 1) the technical expertise and
resources that each agency's representatives provided were
essential to the program; and 2) convening a large steering
committee on a monthly basis was logistically impractical,
extremely inefficient, and a burden on agency personnel whom were
only periodically involved in the program. Therefore, a two-
tiered approach was established whereby agency representatives
other than DNREC and NCCD staff were designated adjunct committee
status and were not requested to convene at monthly Steering
Committee meetings (Table 1). However, these adjunct committee
members were frequently included in the planning and evaluation
process, specifically during permit review, funding requests, or
rehabilitation plan review. This tiered approach was also adopted
to maximize Departmental resources and technical expertise within
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the program's personnel organization. The tier approach is one in
which two Division co-administrators coordinate inter- and intra-
agency participation through the NDWRP program manager, who
coordinates the overall program goals through site-specific
project managers who are responsible for coordinating activities
associated with a specific wetland rehabilitation project.

Once the Steering Committee was organized, its initial task
was in developing program objectives. These objectives were
selected based on a regional perspective, whereby benefits of
individual rehabilitation projects could be maximized across an
entire corridor. These objectives also had to be multiple-use in
nature, so that in most cases objectives complemented each other
or at the very least did not compromise one another. And finally,
all objectives had to be capable of developing measurable
evaluative criteria in order to provide temporal measures of
success.

Biotic inventories and ecological evaluations of 9 proposed
wetland rehabilitation sites were completed during FY-91 (Cole and
Fabean 1992) and FY-92 (Cole and Cole 1993). These evaluations
and subsequent studies provided background information and
gualitative and quantitative data required to develop detailed
rehabilitation plans. These rehabilitation plans, although site-
specific, are developed under a corridor perspective, with
emphasis placed on achieving as many of the 11 regional multi-use
objectives as possible. Once the rehabilitation strategy is
developed, measurable evaluative criteria will be established for
each specific objective in order to provide temporal measurements
of success. A prerequisite to the long-term success of the
rehabilitation effort is the inclusion of operation, maintenance,
and management agreements in the rehabilitation plan. These
voluntary or enforceable agreements identify the responsibilities
of various agencies or parties in the rehabilitation process.
Without these operation, maintenance, and management agreements,
rehabilitation efforts might not be implemented, and those
objectives that are achieved could simply revert to their
previously degraded conditions.

Rehabilitation plans are maintained and updated on a
centralized tracking system. Each site-specific rehabilitation
plan provides information on all aspects of the project, ranging
from permit and funding status to project needs and completion
dates. The rehabilitation plan is outlined to emphasize regional
objectives, and is easily updated throughout the project's
development and implementation. Committee members and regulatory

agencies have found these trackable rehabilitation plans extremely

beneficial in providing a quick, detailed perspective of the
project prior to completion of environmental assessments and
permit applications. Addendums to the trackable rehabilitation
plans include maps, site descriptions, water management plans, and
structure designs.
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Essential to the overall success of this rehabilitation
process is the cooperation and involvement of federal, state, and
local agencies; private industries; landowners, and private
environmental groups. Cooperation by governmental agencies has
included technical assistance, access to Departmental resources,
and funding support (Table 3). Many of these governmental
agencies were previously active or familiar with this wetlands
rehabilitation initiative, through their assistance with the
program's development for the preliminary rehabilitation efforts
initiated at Broad Dyke Marsh in 1987.

The NDWRP has also received substantial support from the
private sector. Private funding support has been received from
several industries and organizations including the Trustees of New
Castle Common, Delmarva Power, Ciba-Geigy, Brand Mid-Atlantic, and
DuPont (Table 3). Additional private support has been received in
the form of program promotional activities, landowner access, and
environmental fines and settlements. Private landowner
participation in this program has been outstanding, with over 86%
of those solicited allowing property access and supporting both
the program and site-specific project objectives.

Public support for the program has been received from several
environmental groups who became involved in the project through
several of DNREC's outreach programs, e.g., Adopt-A-Wetland,
Christina River Cleanup, Delaware Coastal Cleanup. The Adopt-A-
Wetland Program has been the most successful method of getting
environmental groups involved, with several groups adopting
rehabilitation sites and others currently in the process. The
Adopt-A-Wetland Program provides environmental groups an
opportunity to become actively involved in the rehabilitation and
protection of wetland areas by assisting in various activities,
such as trash removal, wood duck box installation and maintenance,
establishing and maintaining interpretative trails, and conducting
biological inventories. Although most of the public support for
this program has been from local groups, several state-wide and
national organizations, such as The Delaware Nature Society and
Delaware Ducks Unlimited, have indicated their support.

Additional support from both the private and public sectors
is anticipated once the NDWRP brochure (Appendix G), published in
February 1994, is widely distributed. This color, tri-folded
brochure, designed to be utilized for public outreach and program
fund-raising, provides an overview of the program in an easy to
read format. The brochure identifies program goals, proposed and
current rehabilitation sites, restoration methods, and benefits of
wetland restoration. Periodic updates of the brochure will be
accomplished with inserts identifying, new project sites, funding
scurces, and details on project successes.

Although the NDWRP planning and implementation document, with
its site reports, and an outreach brochure have been completed,
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Table 3. Secured and pending funding sources for the Northern
Delaware Wetland Rehabilitation Program (NDWRP).
Funding source Amount
Secured
Army Creek Superfund Natural Resources Damages $ 600,000
Ciba-Geigy 310,000
EPA Section 319 Non-Point Source Pollution Grant 180,000
DCMP Section 309 Grant (FY-$2 and FY-93) 128,000
Trustees of New Castle Commons 113,700
Brand Mid-Atlantic 100,000
State Bond Bill, FY-93 Appropriation 50,000
EPA Delaware Estuary Program Grant 41,500
Unspecified Fine Monies 17,000
Presidente Rivera 0il Spill Fine Monies 13,000
Division of Fish & Wildlife 8,160
DuPont ‘ 5,000
Delmarva Power 4,926
U.S. Fish and Wildlife Service Mini-Grants (2) 9,000

Total

Pending?®
National Coastal Wetlands Conservation Grant
New Castle County Public Works Department
State Bond Bill, FY-94 Appropriation
Ducks Unlimited
Total

$ 1,580,286

$ 240,894
100,000
50,000

40,000

$ 430,894

®This list is comprised on only those pending sources for which
funding amounts have been specified. Other potential funding

sources of unspecified amounts are not included.
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several important tasks need to be completed. In the next year
emphasis will be placed on addressing nonpoint source pollution
issues within the corridor, in conjunction with efforts to
implement Section 6217 of the Coastal Zone Management Act.
Detailed maps depicting nonpoint source pollution sources within
the watersheds of all wetland restoration sites need to be
generated. These maps supplemented with aerial photos, soil maps,
and additional information will identify areas where stormwater
detention/retention, conservation, and best management practices
can reduce pollutant loading. The development and implementation
of site-specific nonpoint source pollution reduction plans
supported by the DCMP, for both an urban and a rural wetland
rehabilitation site are also anticipated next year, to demonstrate
the utility of this watershed-based approach.

Essential to maintaining the NDWRP's initial success is the
continued emphasis on actually implementing the regional wetland
rehabilitation strategy within the corridor, adhering to the
planning document whenever possible. In the next and subseguent
years, rehabilitation plans for additional sites need to be
developed; funding, rehabilitation plan implementation, and public
outreach efforts must continue; and completed projects must be
evaluated in regards to their successes and failures. Only then
can the rehabilitative success of the Christina/Delaware Rivers
Urban Wetland Corridor be determined. Until then, this document
serves as the plan for the long-term rehabilitation needs of the
tidal wetlands and related aquatic habitats in Northern Delaware,
from which future coastal and wetland rehabilitation programs can
be developed.
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BROAD DYKE MARSH

A 210-acre freshwater tidal wetland located north of the city
of New Castle along the Delaware River. The marsh is surrounded on 3
sides by residential and commercial developments and on the east side
is separated from the Delaware River by a dike containing a water
control structure. This wetland is comprised of 160 acres of
estuarine marsh (76%), 50 acres of palustrine deciduous forest (24%),
and has an 18ll-acre watershed primarily consisting of residential
and urban areas. Property owners are the Trustees of New Castle
Common and the New Castle Immanuel Episcopal Church.

This marsh was once a lush mosaic of rushes, sedges, cattails,
and smartweeds; and contained a high diversity of waterbirds and
other wildlife. 1In the mid-1600's the marsh was diked and drained to
accommodate agriculture and settlement of adjacent upland areas.
These practices have continued to the present resulting in 53% of the
marsh being dominated by the nuisance plant phragmites; a dramatic
decrease in the diversity of fish, wildlife, and plant species;
reduced wetland and water quality, and an increase in the potential
for pestiferous mosquito breeding.

Over the past two decades the water management plan for Broad
Dyke Marsh has essentially had a single purpose: prevent flooding of
the basins peripheral properties, from Delaware River water entering
on high tides or from upland storm runoff accumulating in the marsh.
This plan involved the installation of a concrete sluice comprised of
two 48-inch flap gates on the river side and riser board channels on

the marsh side. This water control structure is designed to allow



one~way flow out of the marsh, thereby allowing storm runoff to exit
the marsh while preventing river water from inundating the marsh
during tidal events. However because of the increase in upland
runoff, caused by increased development in the watershed, and the
elevation of the marsh surface relative to the Delaware River, the
existing structure is inadequate to handle storm runoff from severe
rain events. This flooding problem is periodically compounded when
individuals tamper with the flap gates by chocking them open and
allowing river tides to flood the marsh.

Extensive baseline studies and ecological assessments have
been conducted on Broad Dyke Marsh since 1987, and have led to the
development of preliminary water management and marsh rehabilitation
plans. Management practices initiated in 1987 have fine tuned these
plans and have partially restored the marsh. These practices include
experimental water level manipulations, phragmites control progranms,
installation of wood duck boxes, and experimental planging of
beneficial plant species. Although these efforts have indicated that
a positive restoration of Broad Dyke can be achieved, the successful,
long-term restoration of the marsh is dependent upon replacing the
existing water control structure. This new structure must be a
larger, more specialized structure that allows tidal exchange while
having the capacity to handle significant stormwater input, yet
operates in an automated fashion to eliminate the need for labor-
intensive management and maintenance.

Besides the obvious ecological value of this marsh, its
proximity within a mile of seven schools makes it an ideal site for

environmental eduction opportunities.
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NORTHERN DELAWARE WETLANDS REHABILITATION PROGRAM

REHABILITATION TRACKING FORM

WETLAND PROJECT: BROAD DYKE MARSH UPDATED: 5 JANUARY 93

PROJECT MANAGER: Rob Hossler, Fish & Wildlife

PROJECT COMPLETION DATE: June 1998

REPORT STATUS: 1) Environmental Evaluation - Completed February

1993.
2) Water Management Plan - Completed 21 April 1993.
3) Operation, Maintenance, and Management Plan -
Draft completed 15 November 1993.

PERMIT STATUS: 1) COE 404 Permit - not initiated.

2) State Type II Permit - not initiated.

3) Subaqueous Lands Permit = not required.

4) Environmental Assessment - Draft completed 15
November 1993.

5) Pre-proposal presented to Joint Permit Processing
Committee on 18 February 1993. A site visit was
conducted on 12 May 1993.

FUNDING STATUS8: 1) Secured - :

a. National Fish and Wildlife Foundation Grant -
$80,000 for a new water control structure. Requires a $300,000 match
in non-federal nor non-DNREC funds and must be encumbered by 15
January 1994.

b. State of Delaware - $50,000 FY-93 bond bill.

Cc. Trustees of New Castle Common - $100,000 firm
commitment in 1992 for water control structure. Provided $5,000 for
hydrologic and hydraulic modeling of proposed water control structures
and, $6,600 over last 3 years for phragmites control.

2) Pending -
a. EPA-Section 319 Non-Point Source Pollution

Guidelines - $180,000 grant application for water control structure.
Decision expected 7 January 1994.

b. Ducks Unlimited - $40,000 considered for water
control structure.

C. New Castle County - Interested in providing
funding for the water control structure if their operation and
maintenance responsibilities are reduced.

LANDOWNERS: Trustees of New Castle Common (Trustees) - own 162 acres
(77%) of the marsh and have consented to a long-term management
agreement for the marsh. The water control structure was installed in
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1975 by New Castle County Public Works; however, the responsibility
for the maintenance and operation of this structure is unclear. The
Trustees might provide assistance in the operation and maintenance of
the water control structures; additional phragmites control and
wildlife plantings; and installation of the boardwalks, elevated
observation platform, asphalt trail, or wildlife enhancement
structures.

New Castle Immanuel Episcopal Church - owns 48 acres
{23%) of the marsh and have consented to a long-term management

agreement for the marsh.

PARTICIPATING PARTNERS: Trustees of New Castle Common, New Castle
Immanuel Episcopal Church, DNREC, New Castle Conservation District,
National Fish and Wildlife Foundation, Ducks Unlimited, New Castle
Public Works.

PUBLIC RELATIONS 1) Needs - Involvement of nearby communities in
certain aspects of the rehabilitation project.
2) Actions -

a) Environmental Groups - The McKean High School
and New Castle Middle School have adopted, through DNREC's Adopt-A-
Wetland program, the western and a portion of the middle basin,
respectively. Additional groups are being solicited for the remaining
portions of the marsh. These groups initiated a trash cleanup in this
marsh during the 2 October 1993 Delaware Coastal Cleanup. A New
Castle resident installed and is maintaining 8 wood duck boxes as part
of a community service project. -

b) Adjacent Landowners - A public presentation,
on 13 October 1992, provided information on the tentative management
plans for the proposed rehabilitations of Broad Dyke Marsh. Once the
rehabilitation plan is approved and funding acquired, adjacent
landowners will be notified and asked to comment on the plan at a
public meeting. These comments will be incorporated into the
environmental assessment prior to its submission to permitting
agencies.

REGIONAL OBJECTIVE: IMPROVE WATER QUALITY

SBITE SPECIFIC OBJECTIVE: Improve water quality of both the marsh and
river through daily tidal exchange. Tidal exchange will provide
nutrient and organismic exchange between the water bodies, and
increase the volume of water exposed to wetland filtering and nutrient
uptake benefits.

STATUS PRIOR TO PROJECT: The existing water control structure has
essentially a single purpose - prevent the flooding of peripheral
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properties - by allowing one way flow of storm runoff out of the
marsh, while preventing tidal inundation. These practices essentially
drain this former tidal marsh, causing water quality to degrade to
levels that are detrimental to most aquatic life during the dry
season, while increasing the potential for pestiferous mosquito
breeding.

Experimental water level manipulations conducted in 1988,
determined that daily tidal exchange with the existing structure could
only occur on a limited basis without drastically increasing the
potential of flooding peripheral properties. In order to reduce this
flooding potential, constant monitoring along with labor intensive and
time consuming adjustments of the structure were required prior to and
following every heavy rain event or unusually high tide.

Additionally, these manipulations required that one flap gate be
chained open, which has been shown to create undue stress on the gate,
occasionally damaging it.

Hazardous Wastes and Toxins - Four potential hazardous waste sites
were identified in the vicinity of Broad Dyke Marsh. In 1988 a
federal Superfund remedial investigation of the Witco site, located
approximately 400 feet from the wetland, detected Tris(2-
chloropropyl)phosphate in marsh sediments and surface water. Although
caused by a large spill in 1977, the concentrations of trisphosphate
were considered too low to have significant biological impact.

During this investigation, Trichloroethylene (TCE) was detected
in groundwater at the site and in one sediment sample. The presence
of TCE, which was not associated with operations at Witco, has
resulted in a remedial investigation of the Castle Ford facilities.
Waste solvent and paint disposal from the body shop, located
approximately 500 feet from the wetland, have contaminated soils and
groundwater. The impact on the marsh has not been determined;
however, results from initial sampling might be available in the near
future. Although the direction of flow of the aquifer in this area is
towards the marsh, significant impact is not expected because there
was never a large, permanent contaminant source, i.e., underground
tank, and continued disposal has ceased. Therefore, impacts to the
marsh should be diminishing as the remaining TCE degrades. Another
potential source of TCE is the Knotts bus facility, located just south
of Castle Ford and approximately 600 feet from the marsh. The
investigation of Castle Ford should also provide information on this
site.

The fourth potential hazardous waste site is Chicago Bridge &
Iron, located approximately 1100 feet from the wetland and will be
investigated in 1994 This facility used pickle liquor, lowering the
pH of ground water. However because of the direction of flow of the
aquifer in this area, potential contaminants from this site are not
expected to impact Broad Dyke Marsh.

The DNREC Technical Services Section conducted tissue assays for
heavy metals and pesticides of brown bullheads (n = 5) captured in
Broad Dyke Marsh in September 1989. Results indicated that the toxins
tested for were either found below state and federal action levels or
were undetectable.
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Non-point Source Pollution - Non-point source pollution enters the
marsh from adjacent road runoff, storm sewer outflow from the

surrounding residential and commercial developments, and a drainage
ditch from an industrial park located approximately 0.9-mile north of
the marsh. The specific types and severity of these pollutants has
yet to be quantified. Because of the multiple sources of non-point
source pollution, education and mass media programs directed to
residents and facility managers that address best management practices
appear to be a solution.

CURRENT SBTATU8: Water quality sampling and elevation surveys of the
basin have been completed. The New Castle Conservation District has
determined the watershed of the marsh and its corresponding land uses.
Based on detailed hydrologic and hydraulic modeling of the basin and
the proposed new water control structure, respectively, limited tidal
exchange as proposed with the water management plan will allow an
exchange equivalent to approximately 10.4% (8.8 acre-feet) of the
marsh basin during each tidal cycle.

ACTION STEPS NEEDED: 1) Installation of the proposed water control
structure. '
COMPLETION DATE: February 1995

SITE SPECIFIC OBJECTIVE EVALUATION: Obtain comparable measurements of
water quality and assessments of volume exchange.

REGIONAL OBJECTIVE: IMPROVE WETLAND HABITATS FOR WILDLIFE

S8ITE SPECIFIC OBJECTIVE: Improve wetland habitats by adhering to a
water management plan involving daily tidal exchange and periodic
water level manipulations; installing wildlife enhancement structures,
and conducting beneficial plantings for wildlife. Adherence to a
water management plan should improve habitats for wetland wildlife,
especially aquatic mammals, waterfowl, and other waterbirds, by both
adjusting the water level to accommodate the seasonal needs of these
species and allowing this level to fluctuate on a daily basis through
limited tidal exchange. These management practices should increase
the number, species, and reproductive success of wildlife using the
marsh.

STATUS PRIOR TO PROJECT: Experimental water level manipulations
conducted by the Division of Fish and Wildlife (Division) in 1988
combined with a extensive phragmites control program conducted between
1986-1992 nave increased the vegetation diversity of the marsh by 2.3%
(Simpson's Index) and improved it for wildlife. Since the water
manipulations were curtailed in 1991, one flap gate has been damaged
allowing a minimal amount of tidal exchange to occur. However, this
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minimal tidal exchange has protracted the marsh from degrading back to
its pre-manipulation state.

The installation of 30 wood duck nesting boxes between 1989-1991
and the planting of beneficial plant species have also attempted to
increase the diversity of the marsh and improve it for wildlife.
Nesting success in the duck boxes was excellent in 1992, with 84% of
the boxes indicating evidence of successful wood duck nesting. During
avian surveys conducted in the spring and fall of 1988, 19 species of
waterbirds or raptors were recorded for a combined total of 479 birds
and an average of 53.2 birds/survey. A total of 12 species of fish
are known to utilize the marsh. The planting of beneficial plant
species; however, had limited success. The 500 lbs. of barnyard grass
aerially dispersed in 1988 successfully germinated, but no natural
reseeding occurred in subsequent years. The 25 lbs. of wild rice sown
by hand in 1989 never germinated.

CURRENT S8TATUS8: Biological and elevational surveys have been
completed and a detailed water management plan has been developed.

ACTION STEPS NEEDED: 1) Implementation of a water management plan
after installation of the proposed water control structure. Daily
tidal exchange will promote tidal flushing and organismic exchange,
especially fish populations. This plan is subject to adjustment and
change based on the availability of additional information, climatic
conditions, and in order to better achieve all anticipated benefits
and regional objectives. Water levels are currently monitored via a
float-operated recorder, and would continue to be after implementation
of the proposed plan. Daily tidal exchange will only occur as long
as it is consistent with water level goals and the proposed reduction
in peripheral property flooding.

COMPLETION DATE: Implemented following
installation of water control structure (January 1995).

2) Evaluation of the reproductive success of
wood ducks in the existing nest boxes, with emphasis placed on the
occurrence of dump nesting. This evaluation will help determine where
additional boxes, if any, should be installed to improve reproductive
success of this species.

COMPLETION DATE: March 1995

3) 1Install wood duck, goose, mallard, and
osprey nesting structures. The number and location of these
enhancement structures will be determined based on success of existing
structures, and available of suitable microhabitats. Support in
installation of wildlife enhancement structures might be available
from the Trustees and/or private groups.

COMPLETION DATE: March 1996

4) Seeding of wild rice, and planting of river
bulrush and sweet flag rootstocks during periodic draw-downs. The
quantity planted will depend on the amount of suitable habitat
available following implementation of the water management plan.



BROAD DYKE MARSH 6

Financial support to purchase the seed might be available from the
Trustees and/or private groups.
COMPLETION DATE: November 1995

BITE SPECIFIC OBJECTIVE EVALUATION: The success of the water
management plan will be based on comparable surveys of waterbirds and
fish utilizing the marsh, and of permanent vegetation transects
established in the marsh during the summer of 1994. Success of
wildlife enhancement structures will be based on the reproductive
success of wildlife utilizing them. Success of beneficial wildlife

plantings will be based on successful regeneration of the species, and-

their use by wildlife.

REGIONAL OBJECTIVE: UNDESIRABLE PLANT SPECIES CONTROL

SITE SPECIFIC OBJECTIVE: Reduce the area covered by monotypic stands
of phragmites and increase the area covered by desirable emergent
vegetation. The percent cover of phragmites will be reduced to less
than 5% (11 acres). Phragmites cover will be confined to upland areas
and the wetland/upland fringe.

STATUS PRIOR TO PROJECT: Previously, approximately 53% (112 acres) of
the marsh was dominated by large monotypic stands of phragmites;
however, treatments of aerially-applied herbicide during the late
1980's and early 1990's have reduced the percentage of phragmites
cover to 18% (38 acres). A controlled burn was conducted in February
1990; however, due to wet conditions it had limited success.

CURRENT STATUS: A follow-up application of herbicide was applied on
38 acres of phragmites on 30 September 1993. Funding provided by
Trustees of New Castle Common ($1,900).

ACTION STEPS NEEDED: 1) Apply herbicide (glyphosate) periodically on
monotypic stands of phragmites.

COMPLETION DATE: Annually as needed in early
Fall.

2) Controlled burning of phragmites (where
feasible) or other removal method of the standing dead canes will be
conducted following application of herbicide. Controlled burning
provides several additional benefits in controlling phragmites
including: exposing regenerating canes to the second year treatment
of herbicide, reducing gas exchange to surviving root stalks,
stimulating the release of nutrients for other plant species, exposing
the soil to sunlight, and stimulate the germination of desirable
species in the existing seed bank.

COMPLETION DATE: In late winter, following the
application of herbicide.
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SITE SPECIFIC OBJECTIVE EVALUATION: Success determined by the
reduction of monotypic stands of phragmites.

REGIONAL OBJECTIVE: INCREASE SHALLOW WATER HABITAT DIVERSITY

SITE BPECIFIC OBJECTIVE: Increase the percentage and diversity of
open water and desirable emergent vegetation habitats. The percent
cover of open water and desirable emergent vegetation habitats will
range from 19-38% (40-80 acres) and 38-57% (40-120 acres),
respectively. Shallow water habitats will include numerous shallow
ponds, ditches, and flats.

STATUS PRIOR _TO PROJECT: Currently only 9% (19 acres) of the marsh
consistently retains open water habitat interspersed with desirable
emergent vegetation; however, following the implementation of the
water management plan this percentage might change.

CURRENT S8TATUS8: Except for elevational and environmental surveys no
work has been conducted in the marsh.

ACTION STEPS NEEDED: 1) Reevaluate the diversity of shallow water
habitats and the percentage of open water habitats following
1mp1ementat10n of the water management plan. In the event an increase
in this diversity or percentage is desired, a proposal to increase
shallow water habitat diversity will be submltted either under the
Division's existing Open Marsh Water Management permit or through a
separate permit.

COMPLETION DATE: October 1995 and annually
thereafter.

2) Excavation of sediment laden ditches and
ponds, and potentially the formation of a few new ditches, ponds, and
island habitats. New ponds will have tapered sides and most ponds and
all ditches will be shallow <18 inches in depth. Several ponds will
have sections excavated >18 inches in depth to provide habitat for
fish during droughts and draw-downs. Islands for waterfowl nesting
will be created by accumulation of construction speoil. Excavations
will be conducted using Division of Fish and wWildlife personnel and
equipment.

COMPLETION DATE: Dependent on annual
evaluations of existing of shallow water habitat diversity and
percentage of open water habitats.

S8ITE SPECIFIC OBJECTIVE EVALUATION: . Success based on the diversity of
shallow habitats and the percentage of open water habitat.
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REGIONAL OBJECTIVE: INCREASE ENVIRONMENTAL EDUCATION OPPORTUNITIES

SITE SPECIFIC OBJECTIVE: Improve environmental education
opportunities for both general public and school groups by
constructing two boardwalks with interpretive signs, an observation
platform, and 700 feet of asphalt trail.

An approximately 1000-foot boardwalk would be constructed between
the marsh/upland interface along the southwest side of the marsh,
behind the New Castle Junior High School. At the southeast terminus
of the boardwalk, a 12xl1l2-gazebo with an open roof and 3 benches is
proposed. Access to the boardwalk would be via a ramp located
adjacent to the abandoned railroad bed/tressel, and proposed nature
and greenway trails behind the New Castle Junior High School.

An additional 800-foot boardwalk is proposed at the east end of
the marsh adjacent to the intercoastal dike along the Delaware River.
This proposed boardwalk would descend from the dike via switching
ramps. The boardwalk would extend northwest into the marsh
approximately 300 feet, and then curve back towards the dike forming a
half circle. At mid-length of the boardwalk, the deck would be
widened to provide a scenic viewing area with two benches. To provide
access to this boardwalk, approximately 1100 feet of the dike would
have to be resurfaced with an asphalt walkway. This trail and
boardwalk would provide a looped extension to the New Castle-
Dobbinsville Scenic Walkway. ,

The boardwalks would be wooden, approximately 5-foot wide, built
on pilings at an elevation 4 feet above the maximum managed water
level (4.0 feet NGVD), and have handicap access incorporated where
feasible. Interpretive signs would be located along the boardwalks,
and paved walkway.

STATUS PRIOR TO PROJECT: There is no known organized or formal
environmental education being conducted at the marsh; even though,
there are seven schools located within 1 mile of the marsh.

CURRENT S8TATUS: A presentation and field trip explaining the Broad
Dyke Marsh Rehabilitation Project was presented to the New Castle
Middle School's Science Department on 22 November 1993 and 7 December
1993, respectively. Preliminary designs for the boardwalks,
observation platform, and access trails were completed 15 November
1993.

ACTION STEPS NEEDED: 1) Develop final designs and construct the
boardwalks, observation platform, interpretive signs, and access
trails

COMPLETION DATE: Septermber 1997

2) Promote the use of the marsh and its
interpretive trail through organized events, press releases, and by
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direct contact with school districts.
COMPLETION DATE: April 1998

SITE SPECIFIC OBJECTIVE EVALUATION: Improvements in environmental
education would be determined by surveys of public and school groups
utilizing the facilities.

REGIONAL OBJECTIVE: IMPROVE RECREATION AND AESTHETIC VALUES

SITE SPECIFIC OBJECTIVE: Improve recreational opportunities and the
aesthetic value of the marsh by creating vistas (clearing phragmites
and dense shrub cover) along the dike between the river and the marsh,
and constructing a public cance launch. These improvements would be
in addition to constructing two boardwalks with interpretive signs, an
observation platform, and 700 feet of asphalt trail.

STATUS PRIOR TO PROJECT: Recreational activities in Broad Dyke Marsh
include limited amounts of nature watching, crabbing, trapping, and
fishing. The location of the marsh behind the New Castle Middle
School and among several developments makes it an attractive area for
children and adolescents, as indicated by the presence of numerous
bike paths, play forts, and socializing areas. An existing access
road provides limited boat access to the center of the 'marsh.

CURRENT STATUS: A 1993 University of Delaware survey of New Castle
households found that 90% of the respondents indicated that the marsh
should be restored as a normal freshwater marsh - completed 26 April
1993. Preliminary designs for the canoe launch have been completed 15
November 1993.

ACTION STEPS NEEDED: 1) Create vistas of the marsh along the
proposed extension of the Scenic Walkway by clearing brush and
phragmites along the dike between the river and the marsh. The
Trustees or the City of New Castle might provide assistance in
maintaining these clearings.

COMPLETION DATE: February 1995 - with annual
maintenance as needed.

2) Refurbish the existing access road into a
public canoe launch. Financial assistance might be provided by
Wallop-Breaux funds, the Trustees, or the City of New Castle.

COMPLETION DATE: 4 April 1995

3) Determine the overall opinion of visitors
utilizing the recreation facilities in regards to recreational and
aesthetic value of the marsh.

COMPLETION DATE: June 1998
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SITE SPECIFIC OBJECTIVE EVALUATION: Improvements in the recreational
opportunities and aesthetic value of the marsh will be determined
through surveys of the use of recreational facilities, and visitor
responses to questionnaires regarding the marsh's aesthetic and
recreational value.

REGIONAL OBJECTIVE: REDUCE S8TORMWATER FLOODING

SITE SPECIFIC OBJECTIVE: Reduce the stormwater flooding of peripheral
properties by increasing the outflow potential and having it occur
through timely releases. The scouring action associated with daily
tidal exchange will also potentially reduce flooding by maintaining a
channel on both the marsh and the riverside of the structure. This
daily channel maintenance will eliminate the problem of sediment
accumulating in front of the flap gates during periods of drought,
which previously prevented them from opening sufficiently to allow
storm runoff to leave the marsh.

STATUS PRIOR TO PROJECT: Due to the relative elevations of the marsh
surface verses the mean river level, which has risen 0.5 ft over the
last 60 years, discharge of water out of the marsh can only occur for
about 4 hours out of every 12.5-hour tide cycle. Because of this
limited interval of discharge from the marsh, heavy rain events with
associated upstream runoff, which has increased with increased
development of upland area, elevates marsh water levels above
desirable levels occasionally causing flooding of peripheral
properties. This potential for flooding is compounded by both the
short concentration time of runoff into the basin (10 hours) and the
restriction in flow caused by the conduits under the abandoned
railroad embankment and the active railroad bridge. An additional
factor contributing to elevating water levels to undesirable levels,
is when individuals tamper with the flap gates by chocking them open
and allowing river tides to flood the marsh.

CURRENT STATUS: Detailed hydrologic and hydraulic modeling of the
marsh and evaluations of six potential water control structures,
including the existing structure, were completed 20 November 1992.
Based on this and supplemental information the District, Division, and
Trustees selected the scheme that involved the construction of a 8x3-
foot box culvert adjacent to the existing water control structure.
This new structure would have an automatically controlled vertical
lift gate activated by sensors recording both the river and the marsh
water levels. These sensors would relay water levels back to a -
programmable logic controller, which would then make the decision to
either open or close the sluice gate based on selected target settings
and logic scenarios. In the event of a system malfunction or power
failure, the structure would be equipped with a system that would send
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an alarm signal to the New Castle Police Station via telephone
service, and automatically cause the vertical 1ift gate to close.
Additionally by maintaining the two existing flap gates, if a
malfunction were to occur, outflow from the marsh would still occur as
with the existing system.

The additional water control structure should increase the
outflow potential by approximately 95%, and theoretically reduce the
overall probability and duration of flooding of most peripheral
properties by approximately 60%. However because of the limited
interval of discharge from the marsh, due to its elevation relative to
the river, flooding of peripheral properties may still occur,
especially to the commercial car-repair garage. Although under a
worst case scenario, in which the marsh is at full pool ( 0.0 ft NGVD)
and the maximum 6.25 hours of greatest stormwater concentration into
the marsh coincides with a 6.25-hour flood tide, the duration of
flooding of a 100-year storm would be reduced from 5.3 to 2.3 days.
This worst case scenario would be similar to that occurring during a
northeaster, in which significant precipitation occurs and an easterly
wind keeps the tide high for a prolonged period of time, thus
preventing outflow from the marsh. Additionally, under this worst
case scenario flooding of peripheral properties other than the
commercial car=-repair garage, would require a 134-year storm event, an
increase of 5% over the existing structure. This storm event would
bring water levels to 3.0 ft NGVD, the maximum tolerable water level
by all landowners other than the owner of the commercial car-repair
garage. This water level would inundate halfway across the backyard
of the lowest-lying house within the basin.

Implementation of the proposed water management plan would
increase the average water level in the marsh by 0.5 feet (0.6 to 1.1
feet NGVD); however, it would not significantly increase the
probability of flooding peripheral properties. This lack of increase
in flooding is because the maximum water management level (0.0 ft
NGVD) would only occupy 12.7% of the volume of the marsh, as
determined at the maximum tolerable water level (3.0 ft NGVD).

ACTION BTEPS NEEDED: 1) Monitor the impact of the proposed new water
control structure and water level manipulations, on the flooding of
peripheral properties, and make appropriate adjustments to the water
management plan.

COMPLETION DATE: Continuous, following the -
installation of the new water control structure.

SITE SPECIFIC OBJECTIVE EVALUATION: Evaluations based on comparable
measurenents of flooding severity, periodicity, and duration.

SECONDARY OBJECTIVES: 1) Restore and improve spawning, nursery, and
feeding sites for anadromous, estuarine, and riverine fishes.
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2) Protect and enhance existing populations
and critical habitats of threatened and endangered species and other
species of concern. The Natural Heritage Inventory has documented the
presence of several State Species of Special Concern (S1) in Broad
Dyke Marsh: purple-stemmed swamp beggar's-tick (Bidens connata),
Engelmann umbrella-sedge (Cyperus engelmannii), redroot galingale
(Cyperus erythrorhizos), and an arrowhead (Sagittaria calycina).

3) Control pestiferous mosquito populations by
water management where practical, thereby enhancing biological control
via predacious fish and reducing the amount of chemical insecticides
required.



BROAD DYKE MARSH - WATER MANAGEMENT PLAN®

DATE

MANIPULATION
(Pool level
at low tide)

ELEVATION (NGVD)

RATIONALE

1 March -
30 April

1-30 May

1 June~- 3
July

1 Aug. -
Oct.

15 Oct. -

28 Feb.

1

15

Reduce pool
level to 0%,
but allow
maximum tidal
exchange®®,

Increase pool
level to 50%
allowing
limited tidal
exchange.

Increase
pool level to
75% allowing
limited tidal
exXxchange.

Decrease pool
level to 50%
allowing
limited tidal
exchange.

Increase pool
level to 100%
allowing
limited tidal
exchange.

-1.3 £t - All flats
are exposed and
approximately 16
inches are
maintained in the
ditches.

-0.8 ft - Inundates
52% of the flats at
an average depth of
2.6 inches with
tidal fluctuations
of + 0.4 ft.

-0.5 ft - Inundates
65% of the flats at
an average depth of

‘4.3 inches with

tidal fluctuations
of + 0.4 ft.

=-0.8 £t - Inundates
52% of the flats at
an average depth of
2.6 inches with
tidal fluctuations
of + 0.4 ft.

=0.2 £t - Inundates
96% of the flats at
an average depth of
7.3 inches with
tidal fluctuations
of + 0.2 ftd.

Promotes maximum
flushing of accunmulated
overwinter detritus and
sediment, while
permitting anadromous
fish exchange and
regrowth of emergent
plant species.

Increases pool level
for waterfowl without
inundating nesting
areas, while permitting
anadromous fish use and
regrowth of emergents.

Provides habitat for
waterfowl brood
rearing; increases
invertebrate
populations; encourages
SAV growth; and
provides shallow mud
flats for waterbirds.

Exposes mud flats for
migrating shorebirds;
promotes regrowth of
late season annual
plant species; and
increases exchange of
estuarine fish species,
particularly for egress
following the nursery
season.

Provides habitat for
waterbirds, waterfowl,
nmuskrats, and
overwintering fish
species.



"Water management plan is subject to adjustments and change based on the
availability of additional information, climatic conditions, and in order to
better achieve all regional objectives.

PMaximum tidal exchange is equivalent to the maximum volume (not to exceed
0.0 ft. NGVD) that allows the water level to recede to the 0% pool level
during an average tidal cycle.

‘Tentatively a drawdown to the 0% pool level, with limited tidal exchange
during each tidal cycle, will occur every 3 years to solidify the flats and
promote the revegetation of emergent plant species.

%This maximum water management level (0.0 ft. NGVD) will occupy approximately
12.7% of the capacity of the marsh if capacity is the maximum tolerable water
level (3.0 ft NGVD).
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APPENDIX B

| GAMBACORTA MARSH

| REHABILITATION PLAN |

Northern Delaware Wetlands
Rehabilitation Program




GAMBACORTA MARSH

A 4l1l-acre tidal freshwater wetland located within the New
Castle city limits and currently owned by the Trustees of New Castle
Common. The marsh is bordered on the south by the New Castle-
Dobbinsville Scenic Walkway paralleling the Delaware River, and
surrounded by urban and commercial development on the other sides.
The marsh's watershed éncompasses 257.7 acres comprised of 143.7
(56%) and 114 (44%) acres of urban and non-urban land uses,
respectively. This former tidal wetland was a hazardous waste
disposal site having been drained and then filled with industrial
waste from Deemer Steel, the Abex Corp., and Wilmington Fibre Co. 1In
the mid 1980's, the waste was removed, the landfill capped, and a
system of monitoring wells installed. Investigations of the landfill
and monitoring wells have indicated that the landfill was
successfully capped and no impacts to groundwater are 6ccurring.

The existing water control structure traverses under the
scenic walkway and consists of a tide gate with a single 42-inch flap
gate that allows one-way flow of water out of the marsh. A sluice
gate structure containing riser boards maintains water levels. The
structure was constructed by the Delaware Department of
Traﬁsportafion (Delbot) in 1953, and records indicate it is located
on public lands and maintained by DelDot. However, the City of New
castle conducts regular inspections of the structure and preforms
minor maintenance. 1In 1989, the New Castle Conservation District
repaired the sluice gate structure and attached protectiQe grates to

prevent tampering of the riser boards. The structure has been



temporarily modified to allow daily tidal exchange; however, the
volume of exchange is limited.

The marsh was dominated (90%) by large monotypic stands of
phragmites; however, Open Marsh Water Management practices (OMWM)
conducted by the Division of Fish and Wildlife in the early 1980's,
followed by installation of wood duck nesting boxes and phragmites
control in the late 1980's and early 1990's, have increased the
habitat and vegetative diversity of the marsh and improved it for
wildlife. The improvements to the marsh combined with its proximity
to the heavily used scenic walkway make it an ideal location to
facilitate the exposure of wetlands values and their associated
wildlife to the public.

Vegetation control and construction practices at a lumber
vard, located on the east side of the marsh, have recently caused
increased sedimentation of the adjacent marsh area. Additional non-
point source pollutants might be conveyed into the mar;h through a
series of six ditches that drain into the marsh. These ditches

receive storm runoff from adjacent upland areas and Route 9.
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NORTHERN DELAWARE WETLANDS REHABILITATION PROGRAM

REHABILITATION TRACEKING FORM

WETLAND PROJECT: GAMBACORTA MARSH UPDATED: 6 JANUARY 94

PROJECT MANAGER: Rob Hossler, Fish & Wildlife

PROJECT COMPLETION DATE: July 1997

REPORT STATUS: 1) Environmental Evaluation - Completed 13 November
1992.
2) Water Management Plan - Completed 26 March 1992
and implemented 9 August 1993.
3) Operational Management Plan - not initiated.

PERMIT STATUS: 1) COE 404 Permit - not initiated.
2) State Type II Permit - not initiated.
3) Subaqueous Lands Permit - not required.
4) Environmental Assessment - not initiated.

FUNDING S8TATUS: 1) Secured -
a. Trustees of New Castle Common - $1,700 provided

over last 3 years for phragmites control.
b. DuPont Co. - $5,000 donated to the Trustees of

New Castle Common for installation of interpretive signs along scenic
walkway. )

2) Pending -
a. Trustees of New Castle Common - Interested in

providing additional funding to this project; however, this funding is
most likely encumbered until rehabilitation efforts at Broad Dyke
Marsh are implemented.

b. Brosius-Eliason Co. - interested in partially
funding the excavation of the silted in area behind their lumber yard.

c. Delaware Department of Transportation (DelDOT)

-~ constructed the structure and might provide partial funding for the
new structure.

LANDOWNERS8: Trustees of New Castle Common (Trustees) - own the marsh

and have consented to a long-term management agreement for the marsh.
The water control structure was constructed by DelDOT and is listed as
being on public land. Operation and maintenance of this structure has
been a joint effort between the City of New Castle, the Trustees, the
New Castle Conservation District (NCCD), and the Division of Fish and
Wildlife. Prior te implementation of this project, the marsh's water
level was being managed by a local muskrat trapper under verbal
agreement with the City of New Castle. The Trustees and the City of
New Castle might provide assistance in the operation and maintenance
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of the water control structure; additional phragmites control and
scenic vista clearing; and installation of the elevated observation
platform, wildlife enhancement structures, and wildlife plantings.

PARTICIPATING PARTNER8: Trustees of New Castle Common, City of New
Castle. Brosius-Eliason Co.,DNREC, New Castle Conservation District,
DelDOT.

PUBLIC RELATIONS: 1) Needs - Involvement of nearby communities in
certain aspects of the rehabilitation project.
2) Actions -

a) Environmental Groups - Currently an
environmental group is considering being a sponsor for this marsh
through DNREC's Adopt-A-Wetland Program. A trash cleanup in this
marsh was initiated by several participants of the 2 October 1993
Delaware Coastal Cleanup. A New Castle resident installed and is
maintaining 12 wood duck boxes as part of a community service project.

b) Public Presentations - Gambacorta marsh was the
site of Governor Castle's 28 October 1992 announcement of the Northern
Delaware Wetlands Rehabilitation Project. A public presentation, on
13 October 1992, provided information on the tentative management
plans for the proposed rehabilitation of Gambacorta Marsh.

REGIONAL OBJECTIVE: IMPROVE WATER QUALITY

SITE SPECIFIC OBJECTIVE: Improve water quality of both the marsh and

river through daily tidal exchange, and by reducing the transportation
of potential upland pollutants conveyed into the wetland by stormwater
runoff. Tidal exchange will prov1de nutrient and organismic exchange

between the water bodies, and increase the volume of water exposed to

wetland filtering benefits and nutrient uptake.

STATUS PRIOR TO PROJECT: The existing water control structure has
essentially a single purpose - prevent the flooding of peripheral
properties - by allowing one way flow of storm runoff out of the
marsh, while preventing tidal inundation. These practices essentially
drained this former tidal marsh, causing water quality to degrade
while increasing the potential for pestiferous mosquito breeding. The
structure has been temporarily modified to allow daily tidal exchange;
however, the volume of exchange is limited. additionally, the portion
of the existing outlet pipe that extends into the river is degraded
and in need of repair or replacement.

Hazardous Wastes and Toxins - Four potential hazardous waste sites
were identified in the vicinity of Gambacorta Marsh. The marsh itself
was a hazardous waste disposal site having been drained and then
filled with industrial waste from Deemer Steel, the Abex Corp., and
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Wilmington Fibre Co. In the mid-1980's, the waste was removed from
the marsh, the landfill capped, and a system of monitoring wells
installed. Investigations of the landfill and monitoring wells have
indicated that the landfill was successfully capped and no impacts to
groundwater are occurring. Tidal exchange is not expected to impact
the landfill due to the extensive layer of 6-inch rip-rap, overlaying
stone choked with sand and gravel, along the marsh border. However,
continued monitoring of this site should continue once tidal exchange
is increased. -

In 1987, an investigation of the Deemer Steel facility, located
approximately 1000 feet north of the wetland, identified elevated
levels of lead in the drainage channel that bisects this facility and
drains into the marsh. Elevated levels of lead were also found in
marsh sediments; however, the levels at both sites were not considered
a significant threat to human health or the environment.
Additionally, these contaminants could have been transported by
stormwater from areas further upstream of the Deemer facility.

A portion of the New Castle Gas Co. coal gassification plant was
located in the north end of the marsh, evident by the brick silo
located in the center of the marsh (Boo-Boo Island). This plant
operated from the 1850's to about 1914, and during this time frame
waste coal tar could have been disposed in the marsh. Because this
compound does not move rapidly through groundwater, it is possible
that some of this material remains in the marsh. However, 80 years of
sediment deposition (potentially 30 inches) probably limits the
availability of this material to vegetation and benthic organisms.
Nevertheless, sampling for the presence of coal tar compounds should
be conducted prior to disturbing the sediment within the marsh.

Recent vegetation control and construction practices within a
section of the Brosius-Eliason Co. lumber yard have caused increased
sedimentation of a portion of the marsh. This section of the lumber
yard has historically and continues to be a primary storage area of
treated lumber. Treated lumber is frequently preserved with heavy
metals, which when exposed to elements might be released into the
substrate and then washed into the marsh by the increased erosion and
sedimentation occurring in the area. This potential is evident by the
large quantity of lumber treatment tags found along the marsh/upland
edge. Prior to excavating sediment from this area, some sampling
should be conducted in order to assess whether any sediment-bound
contaminants will be introduced into the marsh.

Non-point Source Pollution - Non-point source pollution enters the
marsh via six drainage ditches, of which only two drain upland areas
of significant acreage. Of the other four, three receive road runoff
from Route 9, and the other drains a small commercial area near the
adjacent lumber yard. The specific types and severity of these
pollutants has yet to be quantified. -

CURRENT STATUS: Water quality sampling and elevation surveys have
been completed and the New Castle Conservation District has determined
the watershed of the marsh and its corresponding land uses. Drainage
ditches have been identified and mapped, but no practices or systems
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for reducing potential non-point source pollution have been
implemented.

ACTION STEPS NEEDED: 1) Conduct a preliminary hydrological study of
the marsh and the two large ditches draining into it.
COMPLETION DATE: March 1995

2) Modeling and engineering design to evaluate
the following water control structures: a) a self-regulating tide
gate controlled by floats that automatically opens and closes the gate
depending on river water levels; b) an automated electro-mechanical
vertical 1lift gate with sensors:; and c¢) any other appropriate
structure. The selection of a structure will be based on several
factors including: ability of achieving regional objectives, volume
of tidal exchange, cost, ability to be retrofitted to existing
structure, versatility in manipulating water levels, storm release
potential, and operation and maintenance requirements.

COMPLETION DATE: June 1995

3) Installation of the selected water control
structure and replacement of the outlet pipe.
COMPLETION DATE: June 1996

4) Establish check dams or wetland vegetation
(preferably cattail) in the two existing drainage ditches to increase
water retention and pollutant filtering, if applicable.

COMPLETION DATE: August 1995

5) Sample silted in area of marsh behind lumber
yard for heavy metals associated with treated lumber.
COMPLETION DATE: June 1994

6) Excavate the silted in area of the marsh
behind the lumber yard, and prevent additional sedimentation from
occurring by establishing a water conveyance system and a diversion
berm in the cleared portion of the lumber yard. Revegetate cleared
areas with birds-foot trefoil or lathco flat pea. The lumber yard has
indicted that it is interested in assisting in this effort.

COMPLETION DATE: August 1994

SITE SPECIFIC OBJECTIVE EVALUATION: Obtain comparable measurements of
water quality within the marsh and downstream of the ditches, and
assessments of volume exchange.
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REGIONAL OBJECTIVE: IMPROVE WETLAND HABITATS FOR WILDLIFE

SITE BPECIFIC OBJECTIVE: Improve wetland habitats by adhering to a
water management plan involving daily tidal exchange and periodic
water level manipulations, installing wildlife enhancement structures,
and conducting beneficial plantings for wildlife. Adherence to a
water management plan should improve habitats for wetland wildlife,
especially aquatic mammals, waterfowl and other waterbirds, by both
adjusting the water level to accommodate the seasonal needs of these
species and allowing this level to fluctuate on a daily basis through
limited tidal exchange. These management practices should increase
the number, species, and reproductive success of wildlife using the
marsh. '

STATUS PRIOR TO PROJECT: Open Marsh Water Management (OMWM) practices
conducted by the Division of Fish and Wildlife in the mid 1980's,
followed by phragmites control in the late 1980's and early 1990's,
and installation of 12 wood duck nesting boxes in 1991 have increased
the habitat diversity of the marsh and improved it for wildlife.
Nesting success in the duck boxes was good in 1992, with 64% of the
boxes indicating evidence of successful wood duck nesting. Wetland
habitats were also improved by the 1989 repair of the sluice
structure, which raised water levels within the marsh. During avian
surveys conducted in 1991-1992, 14 species of waterbirds were recorded
for a combined total of 178 birds and an average of 35.6 birds/survey.
Reproductive success of Canada geese and common gallinules have also
been documented in the marsh. A total of 12 species of fish are known
to utilize the marsh.

CURRENT STATUS: A detailed water management plan was implemented 9
August 1993. The implementation of this plan was possible by
temporarily modifying the water control structure to allow limited
daily tidal exchange, and installing new riser boards to provide
greater flexibility in manipulating water levels. Daily tidal
exchange will promote tidal flushing and organismic exchange,
especially fish populations. This plan is subject to adjustment and
change based on the availability of additional information, climatic
conditions, and in order to better achieve all anticipated benefits
and regional objectives. Biological and elevational surveys have been
completed. Supplemental studies include weekly avian abundance and
diversity surveys, and weekly monitoring of water and salinity levels.
In August 1993, 5 permanent vegetation transects were established in
the marsh. The vegetation on these transects will be periodically
reassessed to evaluate the success of the water management plan and
other rehabilitation efforts.

ACTION STEPS NEEDED: 1) Evaluation of the reproductive success of
wood ducks in the existing nest boxes, with emphasis placed on the
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occurrence of dump nesting. This evaluation will help determine where
additional boxes, if any, should be installed to improve reproductive
success of this species. ’

COMPLETION DATE: March 1995

2) Install wood duck, goose, mallard,
passerine, and squirrel nesting structures. The number and location
of these enhancement structures will be determined based on success of
existing structures, and the availability of suitable microhabitats.
Support in installation of wildlife enhancement structures might be
available from the Trustees and/or private groups.

COMPLETION DATE: March 1996

3) Seeding of wild rice, and planting of big-
leaved arrowhead tubers and river bulrush rootstocks during periodic
draw-downs. The quantity planted will depend on the amount of
suitable habitat available. Financial support to purchase the seed
might be available from the Trustees and/or private groups.

COMPLETION DATE: November 1995

SITE SPECIFIC OBJECTIVE EVALUATION: The success of the water
management plan will be based on comparable surveys of waterbirds and
fish utilizing the marsh, and the permanent vegetation transects
established in the marsh during the summer of 1993. Success of
wildlife enhancement structures will be based on the reproductive
success of wildlife utilizing them. Success of beneficial wildlife
plantings will be based on successful regeneration of the species, and
their use by wildlife.

@

REGIONAL OBJECTIVE: UNDESIRABLE PLANT SPECIES CONTROL

SITE_SPECIFIC OBJECTIVE: Reduce the area covered by monotypic stands
of phragmites and increase the area covered by desirable emergent
vegetation. The percent cover of phragmites will be reduced to less
than 5% (2 ‘acres). Phragmites cover will be confined to upland areas
and the wetland/upland fringe.

STATUS PRIOR TO PROJECT: Previously, approximately 90% (37 acres) of
the marsh was dominated by large monotypic stands of phragmites;
however, treatments of aerially-applied herbicide during the late
1980's and early 1990's have reduced the percentage of phragmites
cover to 17% (7 acres).

CURRENT STATUS: A follow-up application of herbicide was applied on 7
acres of phragmites on 30 September 1993. Funding provided by
Trustees of New Castle Common ($500).
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ACTION STEPS NEEDED: 1) Apply herbicide (glyphosate) periodically on
monotypic stands of phragmites.

COMPLETION DATE: Annually as needed in early
Fall.

2) Controlled burning of phragmites (where
feasible) or other removal method of the standing dead canes will be
conducted following application of herbicide. Controlled burning
suppresses phragmites through several methods including: exposing
regenerating canes to the second year treatment of herbicide, reducing
gas exchange to surviving root stalks, stimulating the release of
nutrients for other competing plant species, exposing the soil to
sunlight, and stimulating germination of desirable species in the
existing seed bank.

COMPLETION DATE: In late winter, following the
application of herbicide.

SITE SPECIFIC OBJECTIVE EVALUATION: Success determined by the
reduction of monotypic stands of phragmites.

REGIONAL OBJECTIVE: INCREASE SHALLOW WATER HABITAT DIVERSITY

SITE SPECIFIC OBJECTIVE: Increase the percentage and diversity of
open water and desirable emergent vegetation habitats. The percent
cover of open water and desirable emergent vegetation habitats will
range from 22-44% (9-18 acres) and 44-66% (18-27 acres), respectively.
Shallow water habitats will include numerous shallow ponds, ditches,
and flats.

STATUS PRIOR TO PROJECT: Open Marsh Water Management practices
conducted in the early 1980's increased the percentage and diversity
of open water habitats; however, several of the ponds and smaller
ditches have silted in. Currently only 15.4% (6.3 acres) of the marsh
consistently retains open water habitat interspersed with desirable
emergent vegetation; however, following the implementation of the
water management plan this percentage might change.

CURRENT BTATUS8: Except for contour and environmental surveys no work
has been conducted in the marsh.

ACTION STEPS NEEDED: 1) Reevaluate the diversity of shallow water
habitats and the percentage of open water habitats following
implementation of the water management plan. In the event an increase
in this diversity or percentage is desired, a proposal to increase
shallow water habitat diversity will be submitted either under the
Division's existing Open Marsh Water Management permit or through a
separate permit.
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COMPLETION DATE: June 1997 and annually
thereafter.

2) Sample the proposed excavation sites for the
presence of coal tar compounds.
COMPLETION DATE: July 1997

3) Excavation of sediment laden ditches and
ponds, and potentially the formation of a few new ditches, ponds, and
island habitats. New ponds will have tapered sides and most ponds and
all ditches will be shallow, <18 inches in depth. Several ponds will
have sections excavated >18 inches in depth to provide habitat for
fish during droughts and draw-downs. Islands for waterfowl nesting
will be created by accumulation of construction spoil. Excavations
will be conducted using Division of Fish and Wildlife personnel and
equipment.

COMPLETION DATE: Dependent on annual
evaluations of existing shallow water habitat diversity and percentage
of open water habitats.

BITE SPECIFIC OBJECTIVE EVALUATION: Success based on the diversity of
shallow habitats and the percentage of open water habitat.

REGIONAL OBJECTIVE: IMPROVE RECREATION AND AESTHETIC VALUES

SITE SPECIFIC OBJECTIVE: Improve recreational opportunities and the
aesthetic value of the marsh by creating vistas (clearing phragmites
and dense shrub cover), constructing a 6-foot-high observation
platform, and constructing interpretative signs along the New Castle-
Dobbinsville Scenic Walkway.

STATUS PRIOR TO PROJECT: The Scenic Walkway receives a considerable
amount of visitor use; however, scenic vistas of the adjacent marsh
and its wildlife are limited to a few small openings through the
phragmites and dense brush between the walkway and the marsh.

CURRENT ETATUS: Implementation of the water management plan and other
rehabilitation efforts in the marsh have recently generated interest
in the marsh and its management plan. In response to this interest
the Division of Fish and Wildlife proposed the previously mentioned
rehabilitation plans to the Trustees. Vistas of the marsh along the
Scenic Walkway were created in 1993 by the Trustees with assistance
from the Division of Fish and wWildlife and the State Department of
Corrections. In mid-September, Division employees sprayed upland
vegetation with herbicide using a vehicle-mounted power sprayer. 1In
October, prison labor removed the dead vegetation.
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ACTION STEPS NEEDED: 1) Determine the overall opinion of visitors
utilizing the walkway, in regards to the aesthetic and recreational
values of the marsh both prior to and after the implementation of the
marsh rehabilitation plan.

COMPLETION DATE: September 1994

2) Maintain vistas of the marsh along the
Scenic Walkway by clearing brush and phragmites. The Trustees and the
State Department of Corrections has provided assistance in this
effort.

COMPLETION DATE: Annual maintenance as needed.

3) Construct interpretive signs along the
Scenic Walkway providing a mechanism to environmentally educate users
about the marsh and the river. The Trustees are funding this project
through a donation from the DuPont Co.

COMPLETION DATE: April 1994.

4) Construct an observation platform along the
Scenic Walkway, overlooking the marsh. Assistance in the construction
of the platform might be provided by the Trustees; however prior to
its construction, a parking problem along the Scenic Walkway needs to
be addressed.

COMPLETION DATE: April 1995

SITE SPECIFIC OBJECTIVE EVALUATION: Improvements in the recreational
opportunities and aesthetic value of the marsh will be determined
through surveys of the observation tower's use, and visitor responses
to questionnaires regarding the marsh's aesthetic and recreational
value.

REGIONAL OBJECTIVE: REDUCE STORMWATER FLOODING

SITE SPECIFIC OBJECTIVE: Reduce stormwater flooding of Route 9 by
maintaining the drainage ditches entering into the marsh and
monitoring the impact of the water management plan on them.
Stormwater flooding of Route 9 should be eliminated, except following
unusually heavy rain events.

STATUS PRIOR TO PROJECT: A drainage ditch near the intersection of
Route 9 and Washington Street becomes choked with vegetation, trash,
and sediment; thereby, impeding stormwater runoff and causing flooding
of Route 9 following heavy rain events.

CURRENT STATUS8: The drainage ditch was cleared in March 1992 and
inspected in November 1992.



GAMBACORTA MARSH 10

ACTION STEPS NEEDED: 1) Periodic inspections and clearing of
drainage ditches entering the marsh. Clearing will be conducted by
Division of Fish and Wildlife personnel and equipment.

COMPLETION DATE: Inspections will be seasonal,
while clearing will be on an as needed basis.

2) Monitor the impact of tide gate
manipulations, tidal exchange, and installation of check dams on
stormwater surge, making appropriate adjustments as necessary.

COMPLETION DATE: Ongoing and coinciding with
water manipulations.

S8ITE SPECIFIC OBJECTIVE EVALUATION: Evaluations based on comparable
measurements of flooding severity, periodicity, and duration.

SECONDARY OBJECTIVES: 1) Restore and improve spawning, nursery, and
feeding sites for anadromous, estuarine, and riverine fishes.

2) Protect and enhance existing populations
and critical habitats of threatened and endangered species and other
species of concern. The Natural Heritage Inventory has documented the
presence of the Engelmann umbrella-sedge (Cyperus engelmannii), a S1
State Species of Special Concern, in Gambacorta Marsh.

3) Control pestiferous mosquito populations by
water management where practical, thereby enhancing biological control
via predacious fish and reducing the amount of chemical insecticides
required.

4) Increase environmental education
opportunities for both general public and school groups.



GAMBACORTA MARSH - WATER MANAGEMENT PLAN®

MANIPULATION
(Pool level
at low tide)

ELEVATION (NGVD)

RATIONALE

DATE
1 March -
15 April

16-30 April

1-30 May

1l June- 31
July

Reduce pool
level to 0%,
but allow
maximum tidal
exchangeb:©,

Increase pool
level to 25%
allowing
limited tidal
exchange.

Increase pool
level to 50%
allowing
limited tidal
exchange.

Increase

pool level to
75% allowing
limited tidal

‘exchange.

0.75 £t - All flats
are exposed and
approximately 2 and
11 inches are
maintained in the
ponds and ditches,
respectively.

1.15 £t - Inundates
27% of the flats at

‘an average depth of

2.5 inches.

1.41 £t - Inundates
45% of the flats at
an average depth of
4.5 inches.

1.83 £t - Inundates
72% of the flats at
an average depth of
7.7 inches.

Promotes maximum
flushing of accumulated
overwinter detritus and
sediment, while
permitting anadromous
fish exchange and
regrowth of emergent
plants species.

Concentrates
invertebrates and
exposes mud flats for
waterfowl and
shorebirds,
respectively, while
permitting anadromous
fish use and regrowth
of emergents plants.

Increases pool level
for waterfowl without
inundating nesting
areas, while permitting
anadromous fish use and
regrowth of emergents.

Provides habitat for
waterfowl brood
rearing; increases
invertebrate
populations; encourages
SAV growth; and
provides shallow mud
flats for waterbirds.
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1 Aug. - 15 Decrease pool

Oct. level to 50%
allowing
limited tidal
exchange.

15 Oct. - Increase pool

28 Feb. level to 100%
allowing
limited tidal
exchange.

1.41 ft - Inundates
45% of the flats at
an average depth of
4.5 inches.

2.33 ft - Inundates
100% of the
existing flats at
an average depth of
11 inches

Exposes mud flats for
migrating shorebirds;
promotes regrowth of
late season annual
plant species; and
increases exchange of
estuarine fish species,
particularly for egress
following the nursery
season.

Provides habitat for
waterbirds, waterfowl,
muskrats and
overwintering fish
species.

*Water management plan is subject to adjustments and change based on the
availability of additional information, climatic conditions, and in order to
better achieve all regional objectives.

®Maximum tidal exchange is equivalent to the maximum volume (not to exceed
the level that causes peripheral flooding of adjacent properties) that allows
the water level to recede to the 0% pool level during an average tidal cycle.

‘Tentatively a drawdown to the 0% pool level, with limited tidal exchange
during each tidal cycle, will occur every 3 years to solidify the flats and
promote the revegetation of emergent plant species.
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Northern Delaware Wetlands Rehabilitation Project

Thousand Acre Marsh Watershed Protection
and Wetland Rehabilitation Project

Preliminary Tracking Form

Contacts:
David Carter and Elaine A. Logothetis

Delaware Coastal Management Program
Division of Soil & Water cConservation
Delaware Department of Natural Resources
& Environmental Control
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A. Project Description

The proposed management scheme for the Thousand Acre Marsh
is a comprehensive watershed approach to the management of
wetlands. This project the first of its kind in Delaware and its
success may serve as a prototype for future marsh management. By
novelly incorporating Delaware's Tax Ditch Program as the essence
of management, long term funds, managers and maintenance is
secured. In the absence of the Tax Ditch Organization, the
future of the marsh, adjacent and regional resources are in
jeopardy.

The Thousand Acre Marsh Project is an ecosystem based,
comprehensive watershed restoration, protection, and management

‘project that shall involve numerous governmental agencies and 22

private landowners. The project intends to coordinate numerous
proven water quality improvement technologies, land protection
approaches, wildlife management techniques, wetland management
techniques, and habitat restoration techniques to improve and
protect the 3,067 acre watershed (see project organization and
flow chart). More importantly, the project will creatively use
Delaware's Drainage Code (7 Delaware Code, Chapter 41) to ensure
a coordinated long term commitment from landowners through a
legally binding watershed plan and a dedicated funding source to
ensure long term success.

The project plans to utilize upgraded technologies for
dredging and dredge material placement for the purposes of marsh
restoration and creation. This procedure will utilize as much as
160,000 cubic yards of dredge material removed during the
restoration of in-basin tidal creeks. This material will be used
in a beneficial manner for the restoration of wetlands via the
creation of "wet islands" in open water areas and for the
enhancement of several areas of deteriorated emergent marsh.



These areas were locations of historic emergent wetlands which

have been lost due to sediment deprivation from tidal exclusion
(impounding), land subsidence due to approximately 150 years of
drainage, and inadequate water management.

This project is expected to improve water quality, restore

approximately 25,000 linear feet of tidal streams, create 34
acres of "wet island", emergent wetland area in the former
location of the wetlands, and re-invigorate 25 acres of
threatened emergent wetland by the replenishment of low level

marsh with thin layered dredged material. The construction phase

of this project is expected to last approximately one year.

Methods and technologies to be tested and upgraded include:
1) comprehensive watershed management approaches which will

require extensive interagency and private sector coordination; 2)

wetland restoration technology; 3) dredge operations for the
restoration and enhancement of wetlands; 4) thin layer

application of dredged material; and 5) innovative approaches for

coordination of private lands management.

B. Project Benchmark Dates

1.) Meet with Tax Ditch Commissioners 4/30/93
(completed)
2.) Survey water level benchmarks 5/5/93
(completed)
3.) Site visit with Natural Heritage Staff 6/4/93
, (completed)
4,.) MOA with Natural Heritage Staff 6/8/93
(executed)
5.) Begin weekly water quality monitoring for 6/4/93
temperature, salinity, DO, nitrogen, & (executed)
phosphorus)

6.) Watershed Topography mapping 6/14/93
(completed)
7.) Joint Permitting Committee Meeting 6/17/93
(completed)

8.) U.S. Army Corps of Engineers
(Presentation to Design and 6/29/93
Planning Branches) (completed)
9.) Site visit by DSWC administrative staff 7/1/93
regarding project planning and management (completed)
10.) Tax Ditch Organization Meeting 7/29/93
with all Landowners (completed)
11.) JPPC meeting regarding Rte. (Shcreline 11/18/93
Stabilization Project (completed)



12.) Site visit with JPPC to assess proposed 12/3/93
permit required projects (completed)

13.) Open Space Council approved of approximately

100A of Warren tract for purchase of public 12/7/93
lands (completed)
14.) Tax Ditch Referendum February 94
15.) Initiate permit process for Aquatic December 93
Rehabilitation activities (continuous)

C. Report Status

1.) Draft Report - Thousand Acre Marsh: General
Background, Description, and Management
Recommendations and Alternatives (pgs. 119)
e Completed February 1992. '

2.) Final Tax Ditch Commissioners Report
e Final Report - expected January 31, 1994

3.) Natural Heritage Inventory Biotic Composition
and Natural Community Description
e January 15, 1994

4.) Non-Point Source Pollution Assessment and
Recommendation Report
e expected September 30, 1994

D. Permit Status

1.) State of Delaware Subaqueous Lands Permit for the
construction of 560 cubic yards of rip-rap stabilization
and 50 cubic yards associated fill on Selby tract.

Permit No. SP-0302/92
Issued April 22, 1993

2.) U.S. Army Corps of Engineers Section 404 Permit for the
construction of 560 cubic yards of rip-rap stabilization
and 50 cubic yards associated fill on Selby tract.

Permit No. CENAP-OP-R-199200588-36 (NP13)
Issued March 26, 1993

3.) Permit type under review of DNREC Wetland Branch and U.S.
ACE for Delaware Rte. 9 Shoreline Stakilization Project
via DelDOT.

4.) No other permit needs have been definitively identified
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at this time. 1Initiation of permit activities is pending
landowner decisions with regards to the extent of wetland
dependent activities to be undertaken as part of the
project. Permits effort will be initiated as needed.
e Completion time for permits and Environmental
Assessments between 3-5 months.

5.) Joint Permit Processing Committee received project scope

(June 17, 1993). Suggested to apply for one permit that
included all project activities.

E. Funding

1.) Secured
a. Environmental Fines

- Presidente Rivera $ 13,000 (expended)
+ Other Penalties
Unspecified Source . $ 17,000 (expended)
NPS Encumbered Account $100,000!
b. DCMP Section 309 Grant
(Oct. 1993 - Sept. 1994) _ $ 64,000!
c. U.S. EPA Delaware Estuary
Program Grant $ 41,500
d. DelDOT Shoreline Stabilization
Project $ 50,000
e. Land Protection (Warren Tract) $390,000

2.) Non=-Secured
a. State General Funds for Dredging
b. Additional Fines Monies
c. Additional Federal & State Grants
d. Tax Ditch Fees

3.) Cost-Share Programs
a. Phragmites control
b. BMPs for aglands (NCCD, ASCS, SCS)

! Only a portion of this amount is available for
Thousand Acre Marsh

F. Landowners

Property ownership is distributed amongst 22 owners of 19
separate parcels of land. Historic landowner disputes over marsh
management have significantly hindered wetland management. 1In
order to resolve long standing conflicts, a Tax Ditch Association
has been proposed to ensure one voice in management decisions and
to provide a dedicated source of funds for long term marsh
management and maintenance. If this organization is approved via



landowner votes and superior court concurrence, decisions of this
association will be legally binding and enforceable. Note that
in Deceember 1993, the Open Space Council approved the purchase
of approximately 100 acres on the Warren tract for public land.

G. Project Participants

Landowners (Proposed Tax Ditch Association)

New Castle Conservation District

USDA Soil Conservation Service

Delaware Department of Natural Resources and
Environmental Control

+ Division of Soil & Water Conservation

«+ Division of Parks & Recreation

+ Division of Fish & Wildlife

- Division of Water Resources

National Oceanic and Atmospheric Administration
+ Ocean and Coastal Resource Management
Delaware Department of Transportation (Del DOT)
U.S. Army Corps of Engineers, Design and Planning Branches
U.S. Fish and Wildlife Service

H. Other Potential pParticipants

U.S. Environmental Protection Agency

NOAA, National Marine Fisheries Service

Delaware Department of Agriculture

University of Delaware, Department of Agriculture -
Cooperative Extension Service

New Castle County

A. Condition Prior to Project

There is limited quantitative data of water quality, however,
qualitative information has identified algae and phytoplankton
blooms, and fish kills which are indicative of excess nutrients
and other water quality problems.

Although some past efforts have been made to develop
Agricultural Conservation and Management Plans for aglands within
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the watershed, a coordinated and concentrated watershed approach
was not apparent. Many agland areas are still in need of
conservation plans or plan updates. This will require
significant technical assistance to local farmers as well as a
source of funds for plan implementation.

In addition, potential conversion of watershed uplands from
aglands to residential land use exists. This land-use change may
potentially increase toxic inputs from urban sources as well as
nutrient loadings from a high concentration of on-site septic
systems. It may also affect watershed hydrology.

B. Site Specific Objective I.1

Reduce pollutant loadings from watershed area
surface water runoff.

1.) Tasks Required to Meet Objective I.1:

a. Develop and inventory all agricultural lands in the
watershed, a listing of any lands covered by SCS,
Conservation District, or ASCS Agricultural Conservation
and Management Plans. Conduct an assessment of all plans
identified. This will determine the level of compliance
with plans and develop a list of those areas in which
efforts should be directed to develop additional plans.

b. Identify specific locations where implementation of
conservation practices would improve surface water runoff
gquality. This may include potential locations ‘for grassed
waterways, manure management sheds, buffer strips,
integrated crop management areas, nutrient management
areas, etc. An estimate of implementation costs will also
be included for each site specific conservation measure or
best management practice (BMP) identified.

c. Conduct an assessment of the NPS impacts of the planned
residential development on the former Port Penn Hunting
Club property. Identify any additional management
measures which could reduce these impacts (eg. vegetated
roadside ditches instead of curbs, wet stormwater
retention basin, etc.).

d. Develop a detailed map of the watershed's drainage system.

e. Generate an estimate of the surface water recharge
potential for Thousand Acre Marsh in an average year, wet
year, and drought year. (SCS TR55 or AGNPS continuous
simulation/unit hydrograph approach).

f. Identify land-use and land-cover types.
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g.

h.

Conduct detailed mathematical model of runcff quality
with an emphasis on nutrients and sediments to simulate
the impact of various conservation practice scenarios on
water quality. The model will utilize Agricultural
Nonpoint Source Pollution Model (AGNPS) for priority
agricultural watershed areas.

Develop a two foot contour map of watershed area to
improve accuracy of watershed modelling for NPS.

2.) Current Status of Objective I.1

a. A 2 foot contour map of the watershed has been conducted

under a contract administered by the New Castle
Conservation District. The map is available in both hard
copy and digital (DWG Format) form.

Status: Completed
Cost: $ 21,000

Nonpoint Source Pollution Assessment Project encompassing
all other tasks under Objective I.1 will be initiated.

Status: October 1, 1993
Completion Date: September 30, 1994
Cost: Approximately $ 30,000 (secured)

Perform weekly gross water quality analysis by DSWC staff.

Status: continuous
Cost: DSWC In-Kind Staff Time

Conduct hydrologic analysis of marsh and tidegates.
Initial analysis completed by DSWC Engineer

Cost: Engineering sStaff Time
DSWC In-Kind Services

Initiate study to assess the phosphorus loadings from-
agriculutral lands. DSWC responsible for sample
collection and UofDE and SCS conduct analysis.

Status: Started 12/20/93, thwarted by weather
conditions will continue once ground thaws
Cost: DSWC Staff Time
$7.00/sample



C. Site Specific Objective I.2

Improvements of waterbody water quality through
the implementation of any applicable measure at
receiving water end of watershed.

1.) Tasks Required to Meet Objective I.2

a.

b.

Evaluate various options for structural improvement to
enable desired water management.

Install new or retrofit existing tide gate with

alternative structure that will enable increase water

management flex1b111ty and limited tidal flushing.
Possible renovation of the historic flow direction and
tidal prism via installation of a tide gate structure
between the marsh and C-D canal.

e Increase water management flexibility wvia retrofit of
existing structure.

Permit tidal exchange of impoundment with estuarine waters
during low salinity seasons of year (Spring).

1. Provide for dilution of nutrients in marsh basin with

tidal waters in a reach of Delaware River that is not
significantly impaired by nutrient concentrations (1992
305(b) Water Quality Inventory Reports).

2. Improve dissolved oxygen cencentrations through the

increase in water mixing and circulation, and addition
of more oxygenated estuarine waters.

2.) Current Status of Objective I.2

Status: Pending formation of Tax Ditch Association

Cost: Unknown - Pending Engineering and Design
(Estimate $ 15,000 - $ 125,000 dependent upon
structure)

D. Site Specific Objective II.1

Implement a consistent approach to water
management at the Thousand Acre Marsh.

1.) Tasks Required to Meet Objective II.1

de

Include water management schedule in Final Tax Ditch
Commissioners Report to provide the mechanism for
mandatory compliance.

Establish a Tax Ditch Association by landowner majority
vote to ensure one voice in management decisions and to
provide a legal mechanism for taxation. The dedicated
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source of funds will cover a part of initial project costs

and long term maintenance of the water control
structure, channel maintenance, and Phragmites control.

c. Assist landowners in the coordination and implementation
of an interim water management plan.

2.) Current Status of Object IT.1

a. Tax Ditch Association

+ Petition filed in Superior Court - July 14, 1992

+ Superior Court order that the Tax Ditch Commissioners
Review Plan in accordance with Chapter 41, Title 7,
Delaware Code 1953, as amended.
- Issued March 12, 1993

+ Tax Ditch Commissioners Review
- Initiated May 3, 1993

+ Interim Landowner Meeting - July 29, 1993

+ Landowner Vote on Tax Ditch - Early Fall 1993

Cost: DCMP Grant Staff and State Drainage
Program Staff Time

b. Assist Landowners with Interim Water Management Regime
« Currently carried out by landowners in accordance with
March 1993 to February 1994 water management schedule.
Technical assistance provided by David Carter and Elaine
Logothetis.

Cost: DSWC Staff Time

_Aguat.

A. Condition Prior to Project

Thousand Acre Marsh is a low level impoundment with water
levels regulated via tide restricting flapper gates and an inland
riser board weir. This type of structure provides very limited
flexibility for wetlands water management and has been the
subject of long standing contention amongst the numerous marsh
property owners.

Due to the combined effects of natural processes and
inconsistent management efforts, the wetland area has
experienced a general decline in habitat quality for
approximately two decades. Evolution of the marsh area has been
toward a shallow, sediment laden, open water area; devoid of
vegetation important for waterfowl, waterbirds, muskrats, and
most other wetland wildlife species.
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B. Site Specific Objective III.1

Improve Vegetative Diversity

1.) Tasks Regquired to Meet obijective IIT.1:

a. Eradicate Phragmites with basin wide spray program
followed by out-year maintenance spray program. For
long term control, implement a low level (acreage) annual
treatment program for spot treatment of areas of
Phragmites re-invasion.

b. Implement a consistent water management plan to
encourage recovery of emergent vegetation in open water
areas.

c. Vegetation planting should not be necessary due to
natural seed bed, however some supplemental plantings may
be initiated in designated areas, such as; erodible
soils, island creation sites, exposed sediments, buffer
strips, and reclamation sites.

Cost: Unknown (will be included with dredge operation
budget)

2.) Current Status of Objective II1.1

a. Phrégmites control - Pending approval of Tax Ditch for
basin wide treatment.

Cost: Year I 400 acres @ $ 60.% = $24,000.%
Year II 400 acres € $ 38.% = $15,200.%
Total = $39,200.%

Annual out-year maintenance
35 acres € $102.% = $ 3,600.%

b. Water Management

1. Pending approval of Tax Ditch Association - cost
analysis for implementation.

Cost: $500.%® - $1000.% /year (Proposed Tax Ditch
Association annual fees)

2. Following schedule of interim water management regime

for 1993 - 1994 seasons with landowner and interagency
coordination.
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C. Site Specific Objective IIT.2

Shoreline stabilization and wetland in-basin
erosion control

1.) Tasks to Meet Site Specific Objective IIT.2

a. Vegetative losses have been a result of exposure to the
open water marsh. This direct exposure has subjected the
shorelines to harsh winds and wave action. Utilize
innovative dredging technologies to restore "wet island"
emergent wetland that will reduce wind fetch and dissipate
wave energy.

b. Coordinate with Del DOT for a shoreline stabilization
using fabric and rip rap to prevent over flow erosion of
Route 9 embankment during coastal storms.

c. Environmentally sensitive biocengineering techniques have
been proposed; such as the natural fibre logs (Bio-LogsF)
and vegetative plantings in areas of severe shoreline
erosion.

2.) Current Status of Objective ITII.2

All tasks pending approval of Tax Ditch Association.

D. Site Specific Objective III.2

Conduct In-Basin channelization with Cookie Cutter
for improved water circulation and marsh access.

1.) Tasks to Meet Obijective II1I.3

a. Limited channel restoration may be accomplished with the
U.S. Fish and Wildlife Service, and/or Pennsylvania
Department of Fish and Game Cookie Cutter. The equipment
has been designed for shallow depths and a channel width
of eight feet.

b. For channel maintenance, Coockie Cutter channelization may -
be periodically required. Regular maintenance funds
may be procured from the Tax Ditch progran.
Cost: Maximum of $15,000.%
2.) Current Status of Objective III.3

e Pending approval of Tax Ditch Association
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E. Site Specific Objective III.4

Restore emergent vegetation and tidal stream size
and depths to pre-1940s characteristics.

1.) Tasks to Meet Site Obijective ITI.4

a. Dredging feasibility analysis, Environmental Assessment
and cost analysis.

b. Conduct sediment analysis, for physical characteristics
and for any potential pollutants of concern.

c. Restore tidal creeks via relatively new, innovative and
beneficial dredging techniques. At a minimum, create 34
acres of "wet island" and emergent low marsh, and
reinvigorate 25 acres of threatened marsh via thin layer
of dredged material.

d. Monitor during and after dredging operations.

e. Implement limited tidal flushing as part of water
management plan.

2.) Current Status of Objective III.4

a. Pending approval of Tax Ditch Organizatiocn
e Met with DSWC staff, Joint Permit Processing
Committee, and U.S. Army Corps of Engineers with regards
to feasibility, permits and procurement of funds.
e Cost analysis ¢

Cost: Pending Design

A. Site Specific Objective IV.1

Improve species diversity and protection of
organisms utilizing watershed

1.) Tasks to meet site specific objective IV.1

a. Implement previously outlined Wetland Management and
Aquatic Habitat Rehabilitation activities.

b. Encourage landowner participation on this level.

Basic wildlife management practices allow for the
landowner to become actively involved in the watershed

13



management plan. Tools such as those listed below,
stimulate the landowners to reap the rewards of their own
management in consumptive and non-consumptive uses and may
foster stewardship and land protection for future
generations.

List of potential conservation practices:
1. install nest structures (i.e. wood duck and bluebird

boxes)

2. permit only ethical hunting practices

3. leave snags

4. create or widen buffer and/or riparian zones

5. harvest 90% crop and leave 10% as wildlife food

6. encourage designation of sites as refuge or natural
areas on and/or amongst property boundaries.

2.) Current Status of Objective IV.1

a. SCS and NCCD have worked in the past with some property
owners on agricultural conservation planning.

A. Site Specific Objective V.1

Preserve and protect as much undeveloped land in
the watershed as possible.

1.) Tasks to meet Site Specific Qbijective V.1

a. Coordinate with Open Space Council for easements,
development rights, deed restrictions, land trusts,
natural area protection and acquisition.

b. Coordinate with DP&R for natural areas protection.

c. Inquire with DE Department of Agriculture for
applicability and/or availability of participation with
the federal Farmland Preservation Program.

2.) Current Status of Obijective V.1

Open Space Council approved the purchase of approximately
100 acres of palustrine forest on the Warren tract for
public lands.

Other land protection efforts at this time are
confidential.

DCMP/1000A. TRK
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APPENDIX D

| DELMARVA POWER & LIGHT |

IMPOUNDMENT

Northern Delaware Wetlands
Rehabilitation Program



DELMARVA POWER AND LIGHT IMPOUNDMENT

An 8l-acre impoundment located at Hamburg Cove on the
Delaware River, 2 miles northwest of Pea Patch Island. The site was
a former tidal wetland that was diked and filled with dredge spoil in
the 1950's. The spoil increased the elevation of the marsh above sea
level by approximately 14 ft, eliminating tidal influence. 1In the
1970's this area was used as a mitigation site for compensation of
another dredge disposal site by the Getty 0il Refinery. Mitigation
involved creating several shallow ponds and installing a water
control structure. 1In 1973, a 500 kv power line was constructed
across the marsh, and an 1100-foot culvert pipe was installed to
divert storm runoff from the marsh and into an adjacent watershed.
Current landowners are Delmarva Power and Star Enterprises. A
portion of the marsh is currently used by the Delmarva Power
Sportsmen's Club for recreational hunting. v

The existing water control structure is over 40 years-old
and nonfunctional in terms of maintaining, increasing, or
manipulating water levels. This inability of the structure to retain
water combined with the fact that the marsh's only hydrologic input
is rainfall, have contributed to the marsh becoming dominated by a
monotypic.stand of phragmites. Currently, 3 small shallow
depressions (totaling 3.5 acres) consistently retain water, 2 only
seasonally. Two degraded ponds (7.8 acres combined) adjacent to the
marsh receive a significant amount of the storm runoff from the
marsh's watershed. These ponds provide limited hydrologic input to

the marsh, but they and can be utilized to create a stair-step



reservoir system between the ponds and the marsh, thereby benefiting
all three waterbodies. A sand and gravel extraction operation within
the marsh's watershed has been identified as potentially impacting
the marsh's water quality and supply. Over the last 4 years,
pestiferous mosquito breeding in this marsh has been sufficient to
warrant an average of 1.25 aerial applications of insecticide per
year.

The marsh is a potentially important area for wildlife. It is
in close proximity to the Pea Patch Heronry, the largest wading bird
colony on the Atlantic Coast north of Florida, and Hamburg Cove, an
important area for migrating black ducks. The juxtaposition of the
marsh among primarily agriculture lands the adjacent to 2 ponds
inhabited by a beaver colony increases this value. Delaware's only
consistently successful osprey nest in the upper Delaware River is

located on one of the 500 kv power line towers within 1 mile of the

marsh.
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NORTHERN DELAWARE WETLANDS REHABILITATION PROGRAM

REHABILITATION TRACKING FORM

WETLAND PROJECT: D.P. & L. INPOUNDMENT UPDATED: 26 JANUARY 94

PROJECT MANAGER: Rob Hossler, Fish & Wildlife

PROJECT COMPLETION DATE: 31 MAY 1995

REPORT STATUS: 1) Environmental Evaluation - Completed 18 November
1992.
2) Water Management Plan - not initiated, dependent
on water control structure design.
3) Operation, Maintenance and Management Plan - not
initiated.

PERMIT STATUS: 1) COE 404 Permit - not initiated.
2) State Type II Permit - not initiated.
3) Subaqueous Lands Permit - not required.
4) Environmental Assessment - not initiated.

FUNDING BTATUS: 1) Secured -

a. Delmarva Power - $4,926 provided over last 2
years for phragmites control.

b. Delmarva Power Sportsmen's Club - Donated an
unknown amount to the Delaware City Fire Department for their
assistance with the 1993 controlled burn.

c. Division of Fish and Wildlife - $1,260 provided
over last 2 years for phragmites control.

2) Pending -
a. Delmarva Power - Potentially interested in
providing additional funding to this project.
b. Delmarva Power Sportsmen's Club - interested in
providing additional funding to this project.
c. Star Enterprise - A potential funding source.

LANDOWNERS: Delmarva Power (Delmarva)- owns 57 acres (70%) of the
marsh including the water control structure. The property is
currently used by the Delmarva Power Sportsmen's Club (Sportsmen's
Club) for recreational hunting. Both Delmarva and the Sportsmen's
Club have consented to a long-term management agreement and Delmarva
has issued an access permit to conduct biological surveys. Delmarva
might provide assistance in the installation of the proposed water
control structure, and additional phragmites control efforts. The
Sportsmen's Club is interested in assisting with the installation of
the proposed water control and wildlife enhancement structures; the
operation and maintenance of these structures; and additional
phragmites control and wildlife plantings.
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Delmarva Power has identified a 2.l1-acre solid waste landfill
within the proposed rehabilitation area. This fly ash and sludge
landfill was capped in 1982, and in accordance with state regulations
has been maintained with vegetative cover and monitored with wells for
5 years. Well abandonment was conducted in the winter of 1993.
Delmarva Power has requested that the landfill not be inundated with
water or physically disturbed by construction, i.e., ditch or pond
construction. This request should not significantly affect
rehabilitation efforts because the landfill cap is approximately 4
feet above existing water levels. The landfill is currently vegetated
with a mix of phragmites and old field species; however, phragmites
control practices and reseeding of upland plant species can
rehabilitate this area into a more desirable habitat type. The
proposed rehabilitation plan does not pose a threat to releasing any
potential contaminants from this landfill.

Star Enterprises (Star) - owns 24 acres (30%) of the

marsh, including the two ponds proposed as water supply reservoirs.
The property's trapping rights are currently leased to a local
resident. Although Star considers the project worthwhile, they are
not interested in consenting to a long-term management agreement or
providing any funding for rehabilitation unless they can receive
"environmental consideration" to be used against their proposed future
dredge disposal sites.. However, recent information indicates that
Star might reconsider consenting to a long-term management agreement
in the near future.

PARTICIPATING PARTNERS: Delmarva Power, Delmarva Power Sportsmen's
Club, DNREC, and New Castle Conservation District.

PUBLIC RELATIONS 1) Needs - Inclusion of Star Enterprises as a
participating partner in the project.
2) Actions -

a) Environmental Groups - The Sportsmen's Club
has assisted in controlled burns and temporary modification of the
existing water control structure. The Sportsmen's Club is also
enhancing adjacent upland areas by conducting wildlife habitat
improvements, i.e., border cuttings, beneficial plantings, and the
creation of clearings. The Sportsmen's Group participated in the 2
October 1993 Delaware Coastal Cleanup.

b) Landowners - Consultations with Star are

ongoing.

REGIONAL OBJECTIVE: IMPROVE WETLAND HABITATS FOR WILDLIFE

SITE SPECIFIC OBJECTIVE: Improve wetland habitats by increasing
habitat diversity, installing wildlife enhancement structures, and
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adhering to a water management plan involving periodic water level
manipulations. The increase in habitat diversity will be accomplished
by increasing the percentage of open water and desirable emergent
vegetation habitats to 21-42% (17-34 acres) and 42-63% (34~51 acres),
respectively. Adherence to a water management plan should improve
habitats for wetland wildlife, especially aquatic mammals, waterfowl
and other waterbirds, by adjusting the water level to accommodate
their seasonal needs when possible. These management practices should
increase the number, species, and reproductive success of wildlife
using the marsh. :

STATUS PRIOR TO PROJECT: Habitat types of the marsh are comprised of
the following approximate percentages: 81% (65 acres) monotypic
stands of phragmites, 4% (3.5 acres) open water habitat interspersed
with desirable emergent vegetation, 15% (12.5 acres) upland habitats.
During avian surveys conducted in 1991-1992, 17 species of waterbirds
and raptors were recorded for a combined total of 67 birds and an
average of 13.4 birds/survey. The only known waterbirds or raptors
nesting in the marsh or the adjacent area were a pair of osprey and a
pair of Canada geese.

The existing water control structure, consisting of 5, 30-inch-
diameter outlet pipes, is nonfunctional in terms of maintaining,
increasing, or manipulating water levels. Additionally, a 1100-foot
culvert pipe diverts a significant amount of storm runoff from the
marsh and into an adjacent watershed. These two structures
essentially limit the amount of water in the marsh, thereby decreasing
habitat diversity by promoting dominant monotypic stands of
phragmites.

CURRENT STATUS: Biological and initial contour surveys have been
completed. Additional elevation surveys are currently being conducted
of surrounding upland and agricultural lands to determine the maximum
allowable water level. Temporary modifications have been made to the
existing water control structure to slightly increase the water level
in the marsh. These modifications have included sealing several of
the outlet pipes with expandable foam epoxy donated by Delmarva Power.
Contour maps and sedimentation control plans for the sand and gravel
extraction operation within the marsh's watershed have been obtained.
These plans and maps indicate that the extraction operation will not
significantly impact the water quality or supply for the proposed
marsh. Land use mapping of the watershed has been completed.

ACTION STEPS NEEDED: 1) Completion of elevation surveys to determine
the maximum and minimum allowable water levels and water supply
requirements.

COMPLETION DATE: March 1994,

2) Evaluate the structural integrity of the
existing dikes for use as an impoundment through consultation with a
registered civil engineer.

COMPLETION DATE: April 1994.
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3) Monitor the sedimentation and erosion
control practices, and the reestablishment of contours conducted by
the extraction operation. Promote best management practices where
current techniques are inadequate.

COMPLETION DATE: April 1994.

4) Obstruct the culvert that is diverting storm
runoff from the marsh.
COMPLETION DATE: May 1994,

5) Remove existing nonfunctional water control
structure by removing all above ground structures, and then sealing
the remaining pipes with expandable foam epoxy.

COMPLETION DATE: October 1994

6) Install a 48-inch stop-log structure
connected to a 2-foot-diameter, aluminum outflow pipe that traverses
through the dike. 1Install a riprap spillway at the outflow (river
side). Set riser boards from the minimum to the maximum allowable
water levels. Riser boards will be initially set at the maximum
allowable level in order to assist in the control of phragmites and to
determine an approximate 100% pool level, based on "average"
hydrologic inputs and outputs. Periodic manipulations of the water
level to improve regional objectives will be made as needed after
estimates of the approximate 100% pool level are determined. Delmarva
might provide assistance in the installation of the structure.

COMPLETION DATE: October 1994

7) 1Install two water control structures and an
emergency spillway in the dikes of the two adjacent ponds creating a
stair-step reservoir system between the ponds and the marsh. This
stair-step system would allow greater flexibility in manipulating
water levels in both the marsh and the ponds, and would allow
beneficial draw downs of the ponds, thus promoting submerged and
emergent aquatic vegetation growth. The water control structures
would be 48-inch, stop-log structures connected to a 2-foot-diameter
aluminum outflow pipe. A 20-foot-wide grassed emergency spillway
would be constructed in the dike between the two ponds.

COMPLETION DATE: April 1995

8) 1Install wood duck and passerine nesting
boxes, and goose and osprey nesting platforms. The number and location
of these enhancement structures will be determined based on the
approximate 100% pool level. Support in installation of wildlife
enhancement structures is anticipated from the employee sportsmen
club.

COMPLETION DATE: March 1995

SITE SPECIFIC OBJECTIVE EVALUATION: The success of the proposed
habitat improvements will be based on comparable surveys of waterbirds
utilizing the marsh, and of permanent vegetation transects established
in the marsh during the summer of 1994. Success of wildlife
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enhancement structures will be based on the reproductive success of
wildlife utilizing them.

REGIONAL OBJECTIVE: UNDESIRABLE PLANT SPECIES CONTROL

S8ITE SPECIFIC OBJECTIVE: Reduce the area covered by monotypic stands
of phragmites and increase emergent vegetation diversity. The percent
cover of phragmites will be reduced to less than 5% (4 acres).
Phragmites cover will be confined to upland areas and the
upland/wetland fringe.

STATUS PRIOR TO PROJECT: The marsh is a large monoculture of
phragmites, characteristic of sites that were disturbed by the
disposal of dredge spoil. Approximately 81% (65 acres) of the marsh
is covered by this single species.

CURRENT STATUS: An initial application of herbicide was applied on 52
acres (80%) of phragmites on 30 September 1992. This application was
followed by a controlled burn in March 1993. A second application of
herbicide was applied on 13 acres of untreated phragmites, and 50
acres of regenerating phragmites on 30 September 1993. Funding was
provided by Delmarva Power ($4,926) and the Division of Fish and
Wildlife (31,260).

o

ACTION STEPS NEEDED: 1) Apply herbicide (glyphosate) periodically on
monotypic stands of phragmites.

COMPLETION DATE: Annually as needed in early
Fall.

2) cControlled burning of phragmites (where
feasible) or other removal method of the standing dead canes will be
conducted following application of herbicide. Controlled burning
suppresses phragmites through several methods including: exposing
regenerating canes to the second year treatment of herbicide, reducing
gas exchange to surviving root stalks, stimulating the release of
nutrients for other competing plant species, exposing the soil to
sunlight, and stimulating germination of desirable species in the
existing seed bank.

COMPLETION DATE: In late winter, following the
application of herbicide.

SITE SPECIFIC OBJECTIVE EVALUATION: Success determined by the
reduction of monotypic stands of phragmites.




D.P. & L. IMPOUNDMENT 6

REGIONAL OBJECTIVE: INCREASE SHALLOW WATER HABITAT DIVERSITY

SITE SPECIFIC OBJECTIVE: Increase the percentage and diversity of
open water and desirable emergent vegetation habitats. The percent
cover of open water and desirable emergent vegetation habitats will
range from 21-42% (17-34 acres) and 42-63% (34-51 acres),
respectively. Shallow water habitats will include numerous shallow
ponds, ditches, and flats.

STATUS PRIOR TO PROJECT: Only 4% (3.5 acres) of the marsh
consistently retains open water habitat interspersed with desirable
emergent vegetation. This shallow water habitat is comprised of 3
small ponds. Approximately 81% (65 acres) of the marsh is covered by
a monoculture of phragmites.

CURRENT STATUS8: Except for contour and environmental surveys, no
habitat diversity-related work has been conducted in the marsh.

ACTION STEPS NEEDED: 1) Evaluate the necessity of testing sediments
for potential contaminants prior to excavating ditches and ponds.
COMPLETION DATE: July 1994.

2) Design a system of interconnecting ditches
and ponds with interspersed island habitats. Ponds will have tapered
sides and most ponds and all ditches will be shallow <18 inches in
depth. Several ponds will have sections excavated >18 inches in depth
to provide habitat for fish during droughts and draw~downs. Islands
for waterfowl nesting will be created by accumulation of construction
spoil. The proposal to increase the shallow water habitat diversity
will be submitted either under the Division's existing Open Marsh
Water Management permit or through a separate permit.

COMPLETION DATE: November 1994.

3) If necessary, sample the proposed excavation
sites for the presence of contaminants.
COMPLETION DATE: Might not be required.

4) Excavate ditches and ponds, and construct
island habitat using Division of Fish and Wildlife personnel and
equipment.

COMPLETION DATE: March 1995, depending on
sediment sampling requirement. .

SITE SPECIFIC OBJECTIVE EVALUATION: Success based on the diversity of
shailow habitats and the percentage of open water habitat.
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REGIONAL OBJECTIVE: MOSQUITO CONTROL

SITE SPECIFIC OBJECTIVE: Reduce pestiferous mosquito populations by
establishing predacious fish populations. Mosquito populations are
anticipated to be reduced to <1 larvae/dipping unit, based on periodic
inspections for breeding activity.

STATUS PRIOR TO PROJECT: Rain events cause the flooding of previously
exposed oviposition sites and promote mosquito breeding. However, the
marsh currently has a limited amount of area inundated with sufficient
depths or durations of water to support predacious fish. During the
previous 4 years, pestiferous mosquito breeding averaged 3.4
larvae/dipping unit and was sufficient to warrant an average of 1.25
aerial applications of insecticide per year, totaling 47 1lbs of
pesticide product.

CURRENT STATUS: Except for the collection of environmental data and
conducting routine mosquito control pratices, no work has been
conducted in this marsh.

" ACTION STEPS NEEDED: 1) Stocking of ponds and ditches with

predacious mosquito fish (Gambusia holbrooki) at a rate of 500
fish/acre. Fish will be obtained from Division of Fish and Wildlife
ponds and previously stocked areas. ,

COMPLETION DATE: May 1995

SITE SPECIFIC OBJECTIVE EVALUATION: Success of biological mosquito
control programs will be based on comparable indices of mosquito
breeding.

SECONDARY OBJECTIVES: 1) Improve water quality by wetland filtering,
especially non-point source pollution from adjacent agricultural
fields, and gravel extraction areas.

2) Protect and enhance existing populations
and critical habitats of threatened and endangered species and other
species of concern. Emphasis will be placed on enhancing the site for
foraging use by the Pea Patch Island wader colony.
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ARTESIAN MARSH

An 134-acre tidal freshwater marsh located south of Churchman's
Marsh, along Interstate 95 in Stanton. The marsh is bordered by the
interstate to the north, by the Christina River on thé.south and east,
and by an office complex to the west. In the southwest corner of the
marsh, the Division of Fish and Wildlife maintains the Churchman's
Boat Ramp facility. The marsh is currently owned by the Artesian
Water Company and is leased for cattle grazing.

This formerly productive marsh was contiguous with Churchman's
Marsh, and was considered an important area for migrating waterfowl.
However in the 1960's, Artesian marsh was diked and used as a dredge
disposal site during the construction of I-95. This accumulation of
dredge spoil raised'the elevation of the marsh by approximately 3.5
feet, above the average high tide of the Christina River.
Characteristic of sites that were diked and filled with dredge spoil,
the marsh became a large monoculture of phragmites. This percentage
of phragmites was reduced by the grazing of cattle and the restoration
of limited tidal exchange through several breaches in the dike.
Currently the marsh is comprised of: 39% monotypic stands of
phragmites, 32% cattle grazed rushes, 17% forested willows, 5% cattail
stands, 4% upland areas, and 3% other wetland emergent plants.‘

The marsh still retains its floodplain values by accepting
floodwater during storm surges and unusually high tides. However,
this periodic flooding promotes pestiferous mosquito breeding by
inundating previously exposed oviposition sites. This mosquito

breeding problem is compounded by the grazing of cattle in the area.



The cattle create smail depressions (hoof prints) throughout the
marsh, which retain a high nutrient content (manure) and act as
breeding pockets for mosquitos. 1In 1992, pestiferous mosquito
breeding in this marsh was sufficient to warrant 7 aerial applications
of insecticide, totaling 3,875 lbs of pesticide product. Another
potential problem with this marsh is its proximity to several
Superfund or other state-listed hazardous wastes sites.

The juxtaposition of this marsh to I-95, the boat ramp facility,
and among several residential neighborhoods presents a ideal situation
to increase the recreational and educational benefits of a wetland.
Additionally, the tremendous wildlife value that the adjacent
Churchman's marsh currently and historically has had, indicates the

wildlife potential for a rehabilitated Artesian Marsh
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NORTHERN DELAWARE WETLANDS REHABILITATION PROGRAM

REHABILITATION TRACKING FORM

WETLAND PROJECT: ESTAN MARSH UPDATED: 26 JANUARY 94

PROJECT MANAGER: Rob Hossler, Fish & Wildlife

PROJECT COMPLETION DATE: March 1998

REPORT SBTATUS: 1) Environmental Description - Completed September
1993.
2) Water Management Plan - not initiated.
3) Operation, Maintenance, and Management Plan - not
initiated. :

PERMIT STATUS: 1) COE 404 Permit - not initiated.
2) State Type II Permit - not initiated.
3) Subaqueous Lands Permit - not required.
4) Environmental Assessment - not initiated.

FUNDING STATUS: 1) Secured - Ciba=Geigy - contributed $310,000
towards tidal wetlands rehabilitation in Christina River basin, a
portion of which will be used on Artesian Marsh.
2) Pending - .

a. Artesian Water Company - Interested in
providing funding to this project. '

b. Delaware Department of Transportation
(DelDOT) - Potentially interested in funding this project as
mitigation for the proposed expansion of Interstate 95.

c. U.S. Fish and Wildlife Service - Interested in
funding this project through their Partners for Wildlife Program.

d. DuPont Company - Potential funding source
through mitigation of natural resource damages associated with the
DuPont Newport Superfund Site.

LANDOWNERS: Artesian Water Company (Artesian) - owns the marsh and is

interested in assisting in its rehabilitation and long-term
management, but desires mitigation credit for possible use on the
proposed Churchman's Reservoir Project or other appropriate projects.
The property is currently leased for cattle grazing; however, Artesian
has indicated that this practice might not be continued in 1994. The
Division of Fish and Wildlife maintains the Churchman's Boat Ramp,
located adjacent to this marsh on the Christina River.

PARTICIPATING PARTNERS: Artesian Water bompany, DNREC, New Castle
Conservation District, and New Castle County.
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PUBLIC RELATIONS: 1) Needs -

a) Landowners - Development of a mitigation
policy that provides for the establishment of future wetland
mitigation credit (mitigation banking).

b) Environmental Groups - Involvement of nearby
communities in certain aspects of the rehabilitation project.

2) Actions -

a) Landowners - A departmental policy is being
developed that allows for the establishment of future wetland
mitigation credit (mitigation banking). Artesian Marsh is being
proposed as the experimental prototype for this policy.

b) Environmental Groups - The Churchman's Boat
Ramp has been a staging area for the annual Christina River Cleanup,
co-sponsored by Artesian Water Company.

REGIONAL OBJECTIVE: IMPROVE WETLAND HABITATS FOR WILDLIFE

SITE SPECIFIC OBJECTIVE: Improve wetland habitats by increasing

habitat diversity, installing wildlife enhancement structures, and
adhering to a water management plan involving daily tidal exchange and
periodic water level manipulations. The increase in habitat diversity
will be accomplished by increasing the percentage of open water and

desirable emergent vegetation habitats to 19-37% (25-50 acres) and 37-

55% (25-74 acres), respectively. Adherence to a water management plan
should improve habitats for wetland wildlife, especially aquatic
mammals, waterfowl and other waterbirds, by adjusting the water level
to accommodate their seasonal needs when possible. These management
practices should increase the number, species, and reproductive
success of wildlife using the marsh.

- S8TATUS PRIOR TO PROJECT: Habitat types of the marsh are comprised of

the following approximate percentages: 39% (52 acres) monotypic
stands of phragmites, 32% (43 acres) of rushes, 17% (23 acres) of
willow, 5% (7 acres) cattails, 4% (5 acres) upland , and 3% (4 acres)
of other emergent plants. During avian surveys conducted in 1993, 2
species of waterbirds were recorded for a combined total of 4 birds
and an average of 2.0 birds/survey. Aerial waterfowl surveys of the
adjacent Churchman's Marsh have recorded 81.7 birds/survey indicating
the rehabilitation potential for Artesian Marsh.

The area was a former freshwater tidal marsh which was diked and
used as a dredge disposal site during the construction of I-95 in the
1960's. Tidal exchange occurs in this marsh through 10 breaches in
the dike along the Christina River, but this exchange is limited as
the accumulation of spoil has raised the marsh elevation approximately
0.1 feet (4.4 feet NGVD) above average high tide (4.3 feet NGVD).
Approximately 7% (9 acres) of the marsh is exposed to daily tidal
flushing. Although the marsh is above average high tide, it still
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retains its floodplain values by-accepting floocdwater during storm
surges and unusually high tides.

Hazardous Wastes and Toxins - This marsh and the spoil deposited in it
during the 1960's might have been impacted by the E.I. DuPont Newport
Superfund Site, located approximately 1.3 miles downstream, or several
other potential contaminant sources in the watershed. Because of this
concern, 2 sediment samples of the marsh was collected in June 1993
and analyzed for potential contaminants. This preliminary sampling
identified levels of zinc in the sediment 2.0 to 4.6 times higher than
concentrations at which adverse biological effects are frequently or
always observed among most species (Long and Morgan 1991). However,
in order to obtain conclusive results, additional sampling is
required.

Non-goint Source Pollution - Non-point source pollution entering the
marsh is limited to storm runoff from an office complex. Road runoff
from the adjacent 1nterstate is diverted away from the marsh via a
borrow ditch.

CURRENT BTATUS: Ecological evaluations, including extensive contour
and vegetation surveys have been conducted. A water level recording
device has been established at the adjacent Churchman's Boat Ramp to
chart hydrological data. Sediment sampling has revealed questionable
zinc levels, requiring additional sampling prior to entertaining any
sediment disturbing activities.

ACTION STEPS NEEDED: 1) Additional contaminant sampling is required,
including water samples and acid volatile sulfide sediment testing to
determine dissolved zinc concentrations and zinc biocavailability,
respectively.

COMPLETION DATE: August 1994.

2) Conduct modeling (HEC II) to determine the
impact of moving spoil and impounding the marsh on the floodplain.
Assistance might be obtained from the New Castle County Planning
Department.

COMPLETION DATE: September 1994.

3) Conduct modeling and engineering designs to
predict the hydrology and hydraulics of the proposed impoundment and
water control structures, respectively.

COMPLETION DATE: August 1995.

4) Plug the 10 breaches in the dike, two with
48-inch-diameter Delaware rice trunk water control structures, and two
with sheet metal weirs and 20-foot-wide riprap emergency spillways.
These weirs and spillways will be designed to accept and rélease storm
surges and unusually high tides.

COMPLETION DATE: June 1996.
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5) Scrape approximately 93,702 yds3 of sediment
from 88 acres of the marsh, to an average elevation of 3.8 feet NGVD
(0.5 feet below average high tide). The Delaware Department of
Transportation (DelDOT) might be interested in assisting with this
excavating.

COMPLETION DATE: October 1996.

6) Install wood duck, goose, mallard, osprey,
squirrel, bat, and passerine nesting structures. The number and
location of these enhancement structures will be determined based on
the availability of suitable microhabitats. Support in installation
of wildlife enhancement structures might be available from local
school groups and the private sector.

COMPLETION DATE: March 1997

7) Conduct plantings of beneficial species for
wildlife during periodic draw-downs. The quantity planted will depend
on the amount of suitable habitat available. Support in installation
of wildlife enhancement structures might be available from local
school groups and the private sector.

COMPLETION DATE: Octocber 1997

SITE BPECIFIC OBJECTIVE EVALUATION: The success of the proposed
habitat improvements will be based on comparable surveys of waterbirds
utilizing the marsh, and of permanent vegetation transects established
in the marsh. Success of wildlife enhancement structures will be
based on the reproductive success of wildlife utilizing themn.

REGIONAL OBJECTIVE: UNDESIRABLE PLANT S8PECIES CONTROL

BITE SPECIFIC OBJECTIVE: Reduce the area covered by monotypic stands
of phragmites and increase emergent vegetation diversity. The percent
cover of phragmites will be reduced to less than 5% (6 acres).
Phragmites cover will be confined to upland areas and the
upland/wetland fringe.

STATUS PRIOR TO PROJECT: The marsh contains a large monoculture of

phragmites, characteristic of sites that were disturbed by the
disposal of dredge spoil. Approximately 39% (52 acres) of the marsh
is covered by this single species. Cattle grazing during 7 months of
each year has prevented this species from dominating a larger portion
of the marsh.

CURRENT STATUS: No phragmites control efforts have occurred at this
site.

ACTION STEPS NEEDED: 1) Apply herbicide (glyphosate) periodically on
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monotypic stands of phragmites.

COMPLETION DATE: Annually as needed
in early Fall with the first anticipated application occurring
September 1997.

2) Controlled burning of phragmites (where
feasible) or other removal method of the standing dead canes will be

-conducted following application of herbicide. Controlled burning

suppresses phragmites through several methods including: exposing
regenerating canes to the second year treatment of herbicide, reducing
gas exchange to surviving root stalks, stimulating the release of
nutrients for other competing plant species, exposing the soil to
sunlight, and stimulating germination of desirable species in the
existing seed bank.

COMPLETION DATE: In late winter,
following the application of herbicide.

~ S8ITE SPECIFIC OBJECTIVE EVALUATION: Success determined by the

reduction of monotypic stands of phragmites.

REGIONAL OBJECTIVE: INCREASE SHALLOW WATER HABITAT DIVERSITY

SITE SPECIFIC OBJECTIVE: Increase the percentage and diversity of
open water and desirable emergent vegetation habitats. The percent
cover of open water and desirable emergent vegetation habitats will
range from 19-37% (25-50 acres) and 37-55% (25-74 acres),
respectively. Shallow water habitats will include numerous shallow
ponds, ditches, and flats.

STATUES PRIOR TO PROJECT: No portion of the marsh consistently
maintains open water habitat and only 7% (9 acres) is dominated by
desirable emergent vegetation. Approximately 39% (52 acres) of the
marsh is covered by a monoculture of phragmites.

CURRENT STATUS: Except for extensive contour and environmental
surveys, no habitat diversity-related work has been conducted in the
marsh.

ACTION STEPS NEEDED: 1) Design a system of interconnecting ditches
and ponds with interspersed island habitats. Ponds will have tapered
sides and most ponds and all ditches will be shallow, <18 inches in
depth. Several ponds will have sections excavated >18 inches in depth
to provide habitat for fish during droughts and draw-downs. Islands
for waterfowl nesting will be created by accumulation of construction
spoil. The proposal to increase the shallow water habitat diversity
will be submitted either under the Division's existing Open Marsh
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Water Management permit or through a separate permit.
COMPLETION DATE: November 1996.

2) Excavate ditches and ponds, and construct
island habitat using Division of Fish and Wildlife personnel and
equipment.

COMPLETION DATE: March 1997.

SITE SPECIFIC OBJECTIVE EVALUATION: Success based on the diversity of
shallow habitats and the percentage of open water habitat.

REGIONAL OBJECTIVE: IMPROVE RECREATION AND AESTHETIC VALUES

SITE SPECIFIC OBJECTIVE: Improve recreational cpportunities and the
aesthetic value of the marsh by constructing a greenway trail from the
Division of Fish and Wildlife boat ramp, along the dike and then
looping back along a raised walkway paralleling I-95. Additionally,
along this trail a blind will be constructed to be used for
photography and as a dog retrieving training area.

STATUS PRIOR TO PROJECT: Recreational use of Artesian Marsh are
limited to a few fisherman who fish the Christina River from the dike
and from beoats launched from the adjacent ramp, and a local trapper
who pursues muskrats in the marsh's tidal guts.

CURRENT STATUS: No recreation-related work has been conducted for
this project.

ACTION STEPS NEEDED: 1) Construct a circular greenway around the
perimeter of the marsh. This construction would include clearing and
grading a trail from the Division of Fish and Wildlife boat ramp along
the existing dike. The spoil scraped off the marsh to form the
impoundment would be used to create a 10-foot-high, 62-foot-wide,
elevated walkway paralleling I-95 and connecting to the existing dike.
A trail would also need to be cleared and graded along the upland area
on the west side of the marsh to connect the Division of Fish and
Wildlife boat ramp with the raised walkway.

COMPLETION DATE: May 1997.

2) Construct a blind along the trail to be used
for photography and as a dog retrieving training area.
COMPLETION DATE: July 1997.

3) Determine the overall opinion of visitors
utilizing the recreation facilities, in regards to the aesthetic and
recreational values of the marsh both prior to and after the
implementation of the rehabilitation plan.
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COMPLETION DATE: September 1997.

4) In order to accommodate the anticipated
increase in visitor use, establish portable toilet facilities and
enlarge the parking facilities at the Division of Fish and Wildlife
Churchman's Boat Ramp.

COMPLETION DATE: March 1998.

SITE SPECIFIC OBJECTIVE EVALUATION: Improvements in the recreational
opportunities and aesthetic value of the marsh will be determined
through surveys of the use of recreational facilities, and visitor
responses to questionnaires regarding the marsh's aesthetic and
recreational value.

REGIONAL OBJECTIVE: INCREASE ENVIRONMENTAL EDUCATION OPPORTUNITIES

SITE SPECIFIC OBJECTIVE: Improve environmental education
opportunities for both general public and school groups by
constructing an environmental interpretative trail along the marsh's
proposed greenway.

STATUS PRIOR TO PROJECT: There is no known organized or formal
environmental education being conducted at the marsh; even though,
there are seven schools located within 2 miles of the marsh.

CURRENT STATUS: No education-related work has been conducted for this
project.

ACTION STEPS NEEDED: 1) Develop final designs and construct the
interpretive signs.
COMPLETION DATE: July 1997

2) Promote the use of the marsh and its
interpretive trail through organized events, press releases, and by
direct contact with school districts.

COMPLETION DATE: August 1997

SITE SPECIFIC OBJECTIVE EVALUATION: Improvements in environmental
education would be determined by surveys of public and school groups
utilizing the facilities.
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REGIONAL OBJECTIVE: REDUCE MOSQUITO BREEDING

SITE BPECIFIC OBJECTIVE: Reduce pestiferous mosquito populations by
reducing potential breeding sites, and by establishing predacious fish
populations. Mosquito populations are anticipated to be reduced to <1
larvae/dipping unit, based on periodic inspections for breeding
activity.

STATUS PRIOR TO PROJECT: Rain events and unusually high tides cause
the flooding of previously exposed oviposition sites, and promote
mosquito breeding. However, the marsh currently has a limited amount
of area inundated to sufficient depths or durations to support
predacious fish. This mosquito breeding problem is compounded by the
grazing of cattle in the area. The cattle create small depressions
(hoof prints) throughout the marsh, which retain a high nutrient
content (manure) and act as breeding pockets for mosguitos. In 1992,
pestiferous mosquito breeding averaged 1.74 larvae/dipping unit and
was sufficient to warrant 7 aerial applications of insecticide,
totaling 3,875 lbs of pesticide product.

CURRENT STATUS: Except for collecting of environmental data and
conducting routine mosquito control practices, no work has been
conducted in this marsh.

ACTION STEPS NEEDED: 1) Discontinue the grazing of cattle in the
marsh.
COMPLETION DATE: April 1994.

2) Stock ponds and ditches with predacious
mosquito fish (Gambusia holbrooki) at a rate of 500 fish/acre. Fish
will be obtained from Division of Fish and Wildlife ponds and
previously stocked areas.

COMPLETION DATE: May 1997.

SITE BPECIFIC OBJECTIVE EVALUATION: Success of biological mosquito
control programs will be based on comparable indices of mosquito
breeding.

SECONDARY OBJECTIVES: 1) Restore and improve spawning, nursery, and
feeding sites for anadromous, estuarine, and riverine fishes.

2) Protect and enhance existing populations
and critical habitats of threatened and endangered species and other
species of concern.
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3) Improve water quality of both the marsh and
the river through increased wetland filtering and nutrient uptake.
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INTRODUCTION

A biological inventory of Augustine Creek Marsh, New Castle County, Delaware was conducted
in 1993 by the Delaware Natural Heritage Inventory. This survey was requested and funded by
the Division of Fish and Wildlife, Department of Natural Resources and Environmental Control,
to assess the biological components of the marsh so that data collected can be considered in
future management plans. :

Augustine Creek Marsh is used extensively for public and private recreation, especially hunting
and fishing. A portion of the area is owned and managed by Delaware Wildlands that includes
some of the more diverse sections of the Augustine Creek Marsh, as well as an active great blue
heron colony. '

The Augustine Creek Marsh is located south of the town of Port Penn and is bounded on the
north by the St. George’s-Port Penn Road, and on the east by the Delaware River. The southern
boundary is Route 423 (McDonough Road) and the western boundary is Route 420 (Port Penn-
Boyd’s Corner Road).

Objectives:

(1) To determine and map the gross biotic composition of the marsh based on dominant
vegetation present.

(2) To undertake an inventory for rare plant species (species of special concern).

(3) To undertake a cursory inventory of the marsh for rare animals.

METHODS

During the months of August, September and October 1993, several random field surveys were
made of the Augustine Creek Marsh. It was expected that much of the survey work would be
done by boat, however water levels in August were generally too low for this survey method
to be practical. At this time, several surveys were conducted on foot, and access to the marsh
was from the adjacent uplands. In October, water levels were higher and surveys were
accomplished almost entirely by boat.

Individual survey sites are assigned a letter, from A to F (see Appendix ITI, page 13). Natural
communities were characterized at observation points within individual survey sites (each
observation point is assigned a number, see Appendix III, page 13). At each observation point,
data were taken on plant species composition and relative abundance. Dominant species were
also noted. Plants that could not be identified in the field to the species level, were collected and
identified in the lab. Uncertain species identification are indicated on the data sheets (and on the
species list) by an sp. after the genus name.



After data were compiled, the dominant vegetation types were determined and mapped (see
Appendix III, page 13), using survey data and through a review of 1988 color infrared aerial
photography. In addition, location maps for plant species of special concern are included (see
Appendix III, page 13). Surveys for rare species were incomplete, as staff time was limited.
Future inventory work may reveal the presence of additional rare species.

RESULTS

The vegetation in the eastern section of the marsh is dominated by dense, monospecific stands
of Phragmites australis. From the start of the survey in August, until approximately early
October, water levels were relatively low, water temperatures were high, and algal blooms were
common. In some portions of the eastern section there is a narrow fringe of emergent vegetation,
which includes: Peltandra virginica, Pontederia cordata, Echinochloa walteri, and other
common brackish-to-fresh water emergent species.

As one moves west (upstream), emergent plant species become more abundant. Dominant
emergent vegetation includes: Echinochloa walteri, Polygonum lapathifolium, Peltandra
virginica, and Hibiscus moscheutos. Nuphar lutea and Ludwigia palustris are also found in
abundance within this area.

Overall species diversity appears to be low in the Augustine Creck Marsh (see Appendix I, page
10 for a list of plant species associated with the Augustine Creek Marsh). Sixty eight species of
vascular plants were identified, which is rather low for a fresh to brackish, emergent wetland.
Eight alien species of plants were also identified, indicating an environment that is somewhat
stressed.

The establishment of the invasive plant species Phragmites australis is a serious problem
throughout the marsh. The alien Lythrum salicaria (purple loosestrife) is also quiet abundant.
Phragmites and purple loosestrife are displacing many of the emergent plant species of the
wetland, and control methods should be undertaken to help restore biodiversity to the marsh.

Only two State rare plant species were found during this survey (see Appendix III, page 13):
Polygonum densiflorum (dense flower knotweed S1, extremely rare, 5 or fewer occurrences in
the state) and Spartina pectinata (slough cordgrass S1). A more intensive search of the marsh,
particularly along the upper reaches of the tributaries, over an entire growing season, may prove
to be more productive.

Overall habitat quality of the Augustine Creek Marsh was subjectively assessed as ranging from
poor to good. -

Augustine Creek Marsh was found to be heavily used by wading birds, shore birds, raptors,
waterfowl, etc. over the entire season (see Appendix II, page 12 for bird species observed at
Augustine Creek Marsh).



SURVEY SITE DESCRIPTIONS

The following information contains brief descriptions and locations of survey sites (A through
F, see Appendix III, page 13). Natural communities are described, and community scientific and
common names are given.

AREA A

This. rather small survey site is along the shoreline of the Delaware River. To reach this site,
proceed south on Route 9 from the village of Port Penn. Just past Augustine Beach, where
Route 9 curves to the right, there is a pull-off between the road and the river. The Observation
Point is at the shore where the path from the parking area ends. This site appears to be a
popular fishing spot.

The shoreline consists of a sandy substrate with some rip-rap material throughout.

Observation 1: Spartina alterniflora shoreline (cord grass shoreline). This point is a narrow
fringe of vegetation ranging from several emergent species at the rivers edge, to shrubs and trees
at the road. The dominant woody species is Baccharis halimifolia, while the dominant
herbaceous species are Spartina alterniflora and Phragmites australis. This community is
subjected to tidal fluctuations and erosion along the exposed shoreline. Negative impacts from
recreational use includes trash disposal and trampling.

Species of Special Concern:

Spartina pectinata (S1) - A clump of plants, approximately 5 meters by 3 meters, with ca 50
culms. To date, this is the only known site for this species in the state of Delaware.

AREA B

This area includes the shoreline of the eastern end of the Augustine Creek, west of Route 9. This
area was surveyed by canoe, but since water levels were very low, only a portion could be
explored from the water. The shoreline generally consists of a narrow fringe of emergent
plants, which includes: Peliandra virginica, Leersia oryzoides, Echinochloa walteri, and
Polygonum species. Just above the emergent zone the communities vary, with the dominant
plants being either Phragmites australis or Hibiscus moscheutos. Woody vegetation varies in
dominance, between Diospyros virginiana, Viburnum dentatum., Cornus sp. , and Rhus copallina.

Observation 1: Phragmites australis brackish shoreline. At this point there is a narrow fringe
of emergent vegetation and a monospecific stand of Phragmites australis.

Observation 2: Hibiscus moscheutos - Echinochloa walteri brackish marsh (marsh mallow-

Walter’s millet brackish marsh). This community is along a smaller stream leading into the
main Augustine Creek. Within this larger community is a small pond/cove dominated by Typha
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latifolia and Scirpus tabernaemontanii. Phragmites australis was less common here, and there
generally appears to be greater species diversity.

Species of Special Concern:

Polygonum densiflorurm (S1) - This species is relatively frequent along the shoreline of
Augustine Creck, growing in shallow water mixed with other Polygonum species.

AREA C

This area is on Delaware Wildlands property; to reach this site, proceed south on Route 9 from
Port Penn, when Route 9 turns sharply south, continue on Route 423 (McDonough Road). Tumn
onto the first road on the right. Although this area contains dense stands of Phragmites australis,
it does not dominate, as it does in the eastern sections of the marsh. The vegetation is relatively
diverse and the area seems to support many bird species.

Observation 1: Hibiscus moscheutos - Leersia oryzoides - Peltandra virginica fresh to
brackish marsh (marsh mallow - rice cutgrass - arrow arum marsh). A heterogeneous marsh
with a variety of species assemblages. A zone of woody vegetation between the marsh and the
agricultural fields is dominated by Viburnum dentatum and also includes Rhus copallina and
Diospyros virginiana.

Observation 2: Hibiscus moscheutos - Echinochloa walteri fresh to brackish marsh (marsh
mallow - Walter’s millet marsh). This emergent wetland has a berm across its outlet. It
appears to be impounded, but low water levels and thick vegetation make that determination
difficult. The wetland outside the "impoundment" is a scrub-shrub wetland. Observation point
2 includes only the emergent wetland. The vegetation is relatively diverse; Phragmites australis
dominates in a small portion of the area, mainly along the northeast woody edge.

Species of Special Concern: No State species of special concern were found in this area.
ARFA D

This area is on Delaware Wildlands property; to reach the site, proceed south on Route 9 from
Port Penn; when Route 9 turns sharply south, continue on Route 423 (McDonough Road). Turn
onto the first road on the right. Continue on the dirt farm road and turn into the lane just beyond
the house trailer on the left. All the observation points in Area D are on this peninsula. An
active great blue heron nesting colony is visible across the marsh in Cumples Woods. The marsh
is used extensively by herons, as well as by many other waders, ducks, ospreys, and other birds.
This is a relatively diverse, high quality marsh.

Observation 1: Hibiscus moscheutos - Leersia oryzoides fresh to brackish marsh (marsh

mallow - rice cutgrass marsh). This is a diverse wetland, closely bordering a small creek
entering the larger marsh. Common emergents include Echinochloa walteri, Rumex verticillatus,
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Peltandra virginica, and Typha latifolia. Polygonum densiflorum is frequent at this observation
point. There is woody vegetation throughout the area, with an abundance of trees and shrubs
along the wetland-upland interface, species include: Salix nigra and Viburnum dentatum.

Observation 2: Typha angustifolia fresh to brackish marsh (narrowleaf cattail marsh). This
is a broad marsh, which gently grades to agricultural fields. Although dominated by Typha, the
marsh is relatively diverse, with frequent occurrences of Sambucus canadensis, Solidago rugosa,
Polygonum densiflorum, and other species.

Observation 3: Cephalanthus occidentalis - Hibiscus moscheutos fresh to brackish marsh
(button bush - marsh mallow marsh). This wetland is dominated by woody vegetation,
including C. occidentalis, Rosa palustris, and Cornus sp.

Observation 4: Bidens sp. - Echinochloa walteri fresh to brackish marsh (tickseed -
Walter’s millet marsh). This is a broad, relatively diverse marsh. Some sections of the marsh
are dominated by Typha latifolia and Phragmites australis. The Bidens species that is dominant
in the marsh, was not blooming at the time of the survey and could not be identified. Other
common species found were: Polygonum spp., Scirpus cyperinus, Solidago rugosa, and several
grasses.

Species of Special Concern:

Polygonum densiflorum (S1) - Is frequent at observation point 1, common at point 2.

ARFA E

The objective of the Area E survey was to cover all the major channels of Augustine Creek by
boat for a general study of cover types. This survey was limited by low water depths in the
smaller channels and detailed investigations of each observation point could not be done. The
survey was conducted beginning at the boat launch where Route 9 crosses Augustine Creek. It
progressed going west (upstream), generally following the main channel to the bridge where
Route 420 (Port Penn-Boyd’s Corner Road) crosses the creek. There is an active beaver dam
below the bridge (between observation points 12 and 13). Going back downstream, observations.
were made in several of the guts, minor channels, and feeder streams up to points where access
was limited by low water depths.

Observation 1: Phragmites australis brackish shoreline (common reed shoreline). This is
the boat launch site at Route 9. There is a sandy landing with Acer negundo. The banks of the
creek here are dominated by Phragmites australis.

Observation 2: Polygonum pennsylvanicum brackish shoreline (smartweed shoreline). There
is a narrow emergent zone here, which includes Rumex verticillatus, Panicum dichotomifiorum,
and Peltandra virginica. The slightly higher woody zone is dominated by Diospyros virginiana
and Rhus copallina.



Observation 3: Phragmites australis brackish shoreline (common reed shoreline). Although
Phragmites australis dominates this area, there were many emergent species along a narrow
inundated zone. These include Peltandra virginica, Ludwigia palustris, and Pontederia cordata.

Observation 4: Echinochloa walteri - Ludwigia palustris brackish marsh (Walter’s millet -
water pursiane marsh). This point is a shallow pond/cove off the main creek. Phragmites
australis is common in this area and Typha latifolia is frequent.

Observation 5: Typha latifolia brackish marsh (broadleaf cattail marsh). Another shallow
cove near Observation Point 4, with somewhat different vegetation. In addition to the dominant
T. latifolia, Scirpus rabernaemontanii is frequent.

Observation 6: Phragmites australis brackish shoreline (common reed shoreline). The
shoreline emergent includes: Leersia oryzoides, Peltandra virginica, and Scirpus
tabernaemontanii.

Observation 7: Polygonum pennsylvanicum - Leersia oryzoides fresh to brackish shoreline
(smartweed - rice cutgrass shoreline). The narrow emergent zone is bordered by a broader
zone of woody vegetation, dominated by Diospyros virginiana and Rhus copallina.

Observation 8: Hibiscus moscheutos fresh to brackish marsh (marsh mallow marsh). This
point is dominated by H. moscheutos. The emergent zone includes Nuphar lutea, Peltandra
virginica, and Rumex verticillatus. N. lutea increases in abundance going upstream, beginning
in this area. '

Observation 9: Phragmites australis - Peltandra virginica brackish shoreline (common reed
shoreline). This narrow emergent zone includes Rumex verticillatus, Hibiscus moscheutos, and
Ludwigia palustris.

Observation 10: Typha latifolia - Polygonum lapathifolium fresh to brackish marsh/shoreline
(broadleaf cattail - nodding smartweed marsh/shoreline). The creek banks here are thickly
lined with P. lapathifolium and Ludwigia palustris. T. latifolia dominates the marsh beyond.
Viburnum dentatum and Lythrum salicaria are scattered throughout this area of the marsh in
thick, dense stands.

Observation 11: Hibiscus moscheutos - Nuphar lutea fresh to brackish shoreline ( marsh
mallow - spatterdock shoreline). At this point, there are patches of Viburnum dentatum
scattered among the H. moscheutos. N. lutea is abundant in the channel.

Observation 12: Nuphar lutea - Ludwigia palustris fresh to brackish shoreline (spatterdock -
water purslane shoreline). Phragmites australis and Lythrum salicaria are common here and
there is a zone of woody vegetation dominated by Viburnum dentatum and Diospyros virginiana.



Observation 13: Nuphar lutea - Ludwigia palustris fresh water shoreline (spatterdock-water
purslane shoreline). This observation point is found just above the beaver dam; Rosa palustris
dominates the woody zone here.

Observation 14: Acer rubrum - Viburnum dentatum wooded wetland/shoreline (red maple-
arrowwood wetland/shoreline). This is a forested flood plain wetland dominated by Acer
rubrum. There is little herbaceous vegetation, which includes Onoclea sensibilis and Boehmeria
cylindrica.

Observation 15: Nuphar lutea - Ludwigia palustris fresh water shoreline (spatterdock-water
purslane shoreline). This observation point is very similar to #13. Rosa palustris dominates the
woody zone here.

Observation 16: Hibiscus moscheutos - Ludwigia palustris fresh water marsh (marsh mallow
- water purslane marsh). This marsh is located near the bridge crossing on Augustine Creek
(Pole Bridge Road/Port Penn-Boyd’s Corner Road). The vegetation is a mixture of woody and
herbaceous species, including Cephalanthus occidentalis, Salix nigra, Acer rubrum, Leersia
oryzoides, Scirpus cyperinus, and Peltandra virginica.

Observation 17: Nuphar lutea - Peltandra virginica fresh water gut/shoreline (spatterdock-
arrow arum gut/shoreline). This point is a shallow gut off the main creek, below the beaver
dam. Common emergent plants include: Acorus calamus and Rumex verticillatus. Beyond the
emergent zone, Hibiscus moscheutos and Viburnum dentatum are abundant.

Observation 18: Polygonum pennsylvanicum - Peltandra virginica fresh water gut/shoreline
(nodding smartweed - arrow arum gut/shoreline). This gut branches off Augustine Creek
further downstream than #17. The water levels are relatively shallow here and plants species
found were: Nuphar lutea, Leersia oryzoides, and Rumex verticillawus. Viburnum dentatum
occurs at slightly higher elevations along the stream banks.

Observation 19: Hibiscus moscheutos - Peltandra virginica fresh to brackish shoreline
(marsh mallow - arrow arum shoreline). This point is near the mouth of a stream entering
Augustine Creek from the southwest. There is some invasion of Phragmites australis, but it is
not dominant, Other emergent plants include: Juncus effusus, Polygonum lapathifolium, and
Typha latifolia.

Observation 20A: Phragmites australis fresh to brackish marsh/shoreline (common reed
marsh/shoreline). Although P. gustralis is the dominant species in this area, there are many
emergents on the shoreline, including: Echinochloa walteri, Leersia oryzoides, Peltandra
virginica, and Hibiscus moscheutos.

Observation 20B: Echinochloa walteri - Ludwigia palustris fresh to brackish cove/pond

(Walter’s millet - water purslane cove/pond). A shallow pond adjacent to the main creek.
Common species include Scirpus tabernaemontanii, Hibiscus moscheutos, Ludwigia palustris,
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and Peltandra virginica.

Observation 21: Typha latifolia - Hibiscus moscheutos - Rumex verticillatus fresh to brackish
shoreline (broadleaf cattail - marsh mallow - swamp dock shoreline). Common species
include: Echinochloa walteri, Leersia oryzoides, Typha latifolia, and Ludwigia palustris.
Viburnum dentatum is abundant in the woody zone.

Observation 22: Echinochloa walteri - Polygonum arifolium fresh to brackish marsh/wet
meadow (Walter’s millet - halberd-leaved tearthumb marsh/wet meadow). This point (north
side of Augustine Creek) is accessed by a boardwalk leading into the marsh from the adjacent
upland. The area is dominated by Panicum dichotomiflorum and P. virgamum.

Observation 23: Echinochloa walteri - Leersia oryzoides fresh to brackish shoreline (Walter’s
millet - rice cutgrass shoreline). This point (as well as #24 and #25) is upstream in one of the
larger streams flowing from the north into the eastern portion of Augustine Creek. Many
emergent plants are found growing along the shoreline, and there is a dense woody zone
dominated by Viburnum dentatum and Diospyros virginiana.

Observation 24: Viburnum dentatum - Leersia oryzoides fresh to brackish shoreline
(arrowwood - rice cutgrass shoreline). The woody zone is close to the shoreline here,
dominated by V. dentatumn, Diospyros virginiana, and Rhus copallina. Echinochloa walteri,
Ludwigia palustris, Leersia oryzoides and Rumex verticillarus make up the relatively sparse
emergent community.

Observation 25: Viburnum dentatum- Echinochloa walteri fresh to brackish shoreline
(arrowwood - Walter’ millet shoreline), Emergent plants are abundant at this observation
point, and include Leersia oryzoides, Ludwigia palustris, and Hibiscus moscheutos.

Species of Special Concern: No State species of special concern were found in this area.

AREA F

This area includes wetlands associated with a headwater wetland/stream that leads to Augustine
Creek Marsh, as well as a marsh reached by a boardwalk. Access to both areas was through
the Fortner property bordering the north edge of the creek. The boardwalk is reached by driving
through the Fortner property agricultural fields to the edge of the marsh.

Observation 1: Hibiscus moscheutos - Sagittaria latifolia fresh to brackish marsh (marsh
mallow - arrowhead marsh). This area was observed from the more western of two
boardwalks constructed into the marsh from the north side of Augustine Creek Marsh. As the
elevation increases, species such as Polygonum arifolium and Echinochloa walterii become more
common, with slightly more elevation, woody species such as Viburnum dentatum become
dominant.



Observation 2: Zizania aquatica fresh water marsh (wild rice marsh). This nearly monotypic
stand of Z. aquatica is located in the upper portions of a headwater stream that leads to a
tributary of Augustine Creek. The swale/depression in which it is located is surrounded by
wooded wetlands dominated by Acer rubrum. A large stand of Phragmites australis is located
nearby.

Observation 3: Hibiscus moscheutos - Typha latifolia - Phragmites australis fresh to brackish
marsh (mixed marsh). This observation point followed the stream toward Augustine Creek.
Species found, generally form large, rather monotypic stands throughout the marsh. Species
diversity is relatively low here, and the area appears to be disturbed (earth-moving, ditching,
etc.).

Species of Special Concern: No State species of special concern were found in this area.

ZOOLOGICAL INVENTORY RESULTS

Although not specified in the scope of this project, a limited zoological inventory was done. Bird
species were recorded when seen, but other animals were not specifically searched for. It is
difficult to speculate to what extent this system provides feeding or breeding habitat for many
of the animal species present. Future zoological inventories should be done to determine the
significance of Augustine Creck Marsh to breeding birds, migratory birds, invertebrates
(dragonflies, Lepidopteran species, etc.) and fish. A bird species list with state ranks can be
found in Appendix II. '

Pea Patch Island, which lies approximately 8 miles northeast of Augustine Creek Marsh is the
largest multi-species heronry on the Atlantic coast north of Florida. Preliminary results from
a study undertaken on Pea Patch Island in 1993 (Manomet Bird Observatory), to determine
critical foraging areas for these species, indicates that Augustine Creek Marsh is providing
important feeding habitat for this colony. Great egrets (Casmerodius albus), snowy egrets
(Egrerta thula), little blue heron (Egretta caerulea), cattle egret (Bulbulcus ibis), glossy ibis
(Plegadis falcinellas), and great blue. herons (Ardea herodeas) all use this system regularly.

Ospreys were observed during each visit (one to three per visit). This indicates that Augustine
Creek Marsh may provide important foraging habitat for this species. Osprey populations have
declined in northern Delaware, so these observations may be significant in terms of habitat
management for this species.



APPENDIX I

PLANT SPECIES ASSOCIATED WITH AUGUSTINE CREEK MARSH

Acer rubrum

Acer negundo

Acorus calamus
Amaranthus cannabinus
Baccharis halimifolia
Bidens sp.

Boehmeria cylindrica
Cephalanthus occidentalis
Cyperus erythrorhizos
Cyperus odorata
Cyperus sp.

Diospyros virginiana
Echinochloa walteri
Eclipta prostrata
Erechtites hieracifolia
Eragrostis sp.
Eupatorium dubium
Eupatorium pilosum
Euthamia graminifolia
Hibiscus moscheutos
llex verticillata
Impatiens capensis

Iris pseudacorus
Juncus effusus

Leersia oryzoides
Lemna minor

Lobelia cardinalis
Lonicera japonica
Ludwigia palustris
Lycopus americanus
Lythrum salicaria
Microstegium vimineum
Nuphar luwtea

Onoclea sensibilis
Panicum dichotomiflorum
Panicum virgatum

1993
(incomplete)

red maple

box elder

sweeiflag

water hemp
groundsel bush
beggarticks

Jalse nettle
buttonbush

red-root nut-sedge
fragrant nut-sedge
an umbrella sedge
persimmon

Walter’s millet
Yerba-de-1ajo (alien)
fire-weed

love grass
Jjoe-pye-weed

hairy thoroughwort
slender fragrant goldenrod
marsh mallow
winterberry

Jjewel weed

yellow iris (alien)
smooth rush

rice-cut grass
duckweed

cardinal flower
Japanese honeysuckle (alien)
water purslane
water horehound
purple loosestrife (alien)
alien grass (alien)
spatterdock

sensitive fern

fall panic grass
switch grass
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Peltandra virginica
Phragmites australis
Pluchea odorata
Polygonum arifolium

Polygonum densiflorum (S1)
Polygonum hydropiperoides

Polygonum lapathifoium

Polygonum pennsylvanicum

Polygonum punctatum
Polygonum sagittatum
Polygonum sp.
Prunus serotina

Rhus copallina

Rosa palustris

Rumex verticillatus
Sagittaria latifolia
Salix nigra
Sambuccus canadensis
Scirpus cyperinus
Scirpus tabernaemontanii
Scwurellaria lateriflora
Setaria magna
Solidago rugosa
Spirodela polyrhiza
Typha angustifolia
Typha latifolia
Verbena hastata
Viburnum dentarum
Zizania aquatica

arrow arum
common reed

- marsh fleabane

tearthumb
smartweed

"mild water pepper

pale smartweed (alien)
Pennsylvania smartweed
water smartweed
arrowleaf tearthumb
smartweed

black cherry

winged sumac

swamp rose

swamp dock

broad-leaf arrowhead
black willow

elderberry

woolgrass sedge
bullrush (alien)
mad-dog skullcap

giant fox-tail

rugose goldenrod
duckweed

narrow-leaf cattail (alien)
broad-leaf catiail
wild vervain
southern arrowood
wild rice

11



APPENDIX 1T

BIRD SPECIES OBSERVED AT AUGUSTINE CREEK MARSH

1993

Great blue heron (drdea herodeas) S2B
Great egret (Casmerodius albus) S2B
Green heron (Butorides striatus S5B
Snowy egret (Egretta thula) S1B
Little blue heron (Egretta caerulea) S2B
Cattle egret (Bulbulcus ibis) S2B
Glossy ibis (Plegadis falcinellas) S2B
Canada goose (Branta canadensis) S3B, S5N
Wood duck (4ix sponsa) : S4B
Green-winged teal (Anas crecca) S4B
American black duck (4nas rubripes) S4B
Mallard (Anas platyrhynchos) S5B
American coot (Fulica americana) S2B, S3N
Greater yellowlegs (Tringa melanoleuca) S3N
Common tern (Sterna hirundo) S1B, S3N
Osprey (Pandion haleatus) S4B
Red-tailed hawk (Buteo Jamaiccensis) S5B
Turkey vulture (Cathartes aura) S5B

Tree swallow (ZTachycineta bicolor) S4B
Eastern kingbird (ZTyrannus tyrannus) S5B

Gray catbird (Dumetella carolinensis) S5B
Eastern phoebe (Sayornis phoebe) S5B
Common yellowthroat (Geothlypis trichas) S5B
Yellow-breasted chat (Icteria virens) S5B
Northern cardinal (Cardinalis cardinalis) S5

Indigo bunting (Passerina cyanea) S5B
American goldfinch (Carduelis tristis) S5

12



APPENDIX III

MAPS AND FIGURES

Figure 1: Survey Areas, A through F

Figure 2: Observation Points for Survey Areas A, B, C, D, F
Figure 3: Observation Points for Survey Area E

Figure 4: Species of Special Concern

Figure 5: Vegetative Cover Types
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STATE RANK

S1 Extremely rare within the state (typically 5 or fewer occurrences) or because some factor
immediately threatens the future existence of this species within the state.

S2 Very rare within the state (typically 6 to 20 known occurrences). Species is succeptable
to becoming extirpated.

S3 Rare to uncommon; typically 21 to 100 known occurrences. S3 species are not
immediately threatened with extirpation, but may be if additional populations are destroyed.

S4  Species apparently secure within the state under present conditions.
S5  Species very common throughout the state; demonstrably secure under present conditions.

SU  Species status uncertain within the state. Usually an uncommon species which is believed
to be of conservation concern but there is inadequate data to determine degree of rarity.

SH  Species historically known from the state but populations or reproductive evidence not
verified for an extended period of time (usually 15+ years). There are expectations that this
species may be rediscovered. '

SX  Species presumed to be entirely extirpated from the state. All historical locations and/or
potential habitat has been inventoried unsuccessfully. There are no expectations that this species
will be rediscovered within the state.

SE  Exotic (introduced through human influence) within the state; not a part of the native
fauna.

SR  Reported from the state, but no evidence exists for accepting or rejecting the report.
SRF Reported falsely from the state but this report persists in the literature.
SA A species which occasionally accidentally enters the state.

SC A species which casually enters the state on a periodic basis but there is no evidence
of reproduction or of potential reproductive habitat existing within the state.

For long distance migrant animals, a particular species’ breeding status may be very different
than its nonbreeding status, i.e. a species which winters commonly in Delaware may be a rare
breeder within the state. B and N qualifiers are used to denote breeding and nonbreeding
status respectively. For example, the Northern Harrier (Circus cyaneus) is an uncommon
winter resident but a very rare breeder and is therefore ranked S1B, S3N. A Z qualifier is used
to denote species which regularly migrate through' the state but do not breed or winter in
Delaware. For lepidoptera species, however, a SZB rank can be given for those individuals
which regularly migrate through the state, breed, but no individuals survive to maturity.



DOMINANT VEGETATION TYPES:

RP: Rosa palustris

HM: Hibiscus moscheutos

S/S: Scrub-Shrub (Viburnum dentatum, Diospyros vz‘rginiané, Rhus copallina)
PFO/AR: Palustrine Forested/Acer rubrum |

TL: Typha latifolia

ME: Mixed emergents
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APPENDIX IV

FIELD FORMS
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A. IDENTIFIERS/LOCATION

FORM 1: RECONNAISANCE / DELAWARE DRAFT 1993

MARSH SURVEYS

1. Survey site name:

C AuousTine CReEek-

et —————

Ares (A)

2. Site name:

3. Source Code: 4. Surveyors:

F22a (WINDSA CRAS WINTERS
5. Date: 6. USGS Quad: 7. Quadcode:
082393 DeLswsre iy 23907555
8. State: 9. C ty: 10. T :
ate Ds. ounty NEWS CASTLE own o ~

11l. Directions:

C'ro'n\s S:rQ‘W\ o K—Tqaaﬁ?f Péssuﬁ
pest ne Augushma Tanm as “me

Fraif do wd By odge. - Poput o Hshing  serco

*f)\md/k,ﬁpofi’.benn, Pwd off o Zc‘ff'\]u-ﬁ—
road ’ Guaues S\()Q.rpl,g,] +o ‘b\.n__ rna/"\j‘. PO”ULO

B. TOPOGRAPHY

12. Reconnaisance Diagram:

e

— = =7

2. 9 —t T ARG

AREd

SHORELIN E—

DE RIVER

C. VEGETATION/HABITAT

Observation Péint:’l Observation Point:

Observation Point:

Community name:

Spartina alfernifom, LowMarsh.

Community name:

Community name:

Soil comments:

Sadurakd - Inundaded

Soil comments:

Soil comments:

Dominant species

Dominant species:

Dominant species:

Tree/Shrub: Tree/Shrub: Tree/Shrub:
Bachsprus hatmidolia
Herb: Herb: Herb:
Sparfina. éH?/rrWFLm’a_/
“Phragraies sushralis
Comments? Comments: Comments:

This avea S =
dishurbed Moy
roadway , £illed beacn )
and 3}11,\;3{ /~7C|'H P\a(.td
d% ShO(‘(’JUY\-Q .




D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and

indicate precise location of o

bservation points)

~ USGS DEL CITY QUAD

R TAYLORS BRIDGE,
po = JsoS QUAD

E. LIST OF PLANT SPECIES [by strata and w/cover values:

Cormus amomum
Cormus racemosa
Cryptotacnia canadensis

Cuscuta sp.
Cyperus odoratus
Cyperus engelmannii

Cyperus esculentus

Cyperus erythrorhizos

Peliandra virginica

Phalaris arundinacea
Phragmites australis X' Cowm
Pluchea odorata
Polygonum arifolivan
P. hydropiperoides
P. punctatum

P. sagittatum

values)
Species Ob;L# cv Species Ob # ¢V Species ob # cv
Acorus calamus Impatiens capensis  _ __ Thalictrum pubescens __ _ _
Alisma supcordsm Iris pseudacorus - Thelypteris palustris
Amaranthus cannabinws Iris versicolor ~  _ Toxicodendronrad.
Ambrosia trifida —— e ——— Juncus acuminaws Triad. visgigicsm
Amorpha fruteseens Juncus canadensis = _ Typhas angustifotia
Apios americapa Juncus effuses T xglawea
Aslepias incaraa Leersia oryzoides  _ T.laufolia _
Aster punicens Leersia virginiea  __ _ Vacemivm corymb.
Astersp. Lemna minor Viburoum recogn. _
Bidens bideatoides ~  _ _ Lilacopsis chinensis Violasp.  _ ___ ___ _
Bideas comnata Lilium superbum _ _ Walffia breziliensis
Bidens coronaa Lobelia cardinalis Zizania aquatica
Bidens frondosa Ludwigia palustrls
Bidens evis Ludwigia peploides OTHER .
Bidens polylepis  _ ___ Lycopussp. _ _ Tripsatum dqd"j/ddli X _ _l'iF_-_
Carex strica Lysimachia terresteis  __ s Hgium sepiumn _ X __FRE .
Cagexsp. Lythrum salicsria ’Q&%Jnawuumu_in__lgF
Cephalagthus occidentalis Nuphar butea Solid iryirens _*~_ __ __/AE
Ceratophyllum demersum Osmunda cinnamomea __ _ _ _ *5 P O\“aﬁ %" nata _r _ _INFE
. Cicuta maculaa Oxypolis rigidior Rachonts hatmafolide —L — _fee
Cinns 2rundinaces Panicum virgatum _ £ _ FRrf- — e
Clethra alnifoia Panicum sp.

[estimate percent cover

Cyperus sp.

Decodon verticillatus
Echinochlos crusgalli
Echinochloa walteri
Eleocharis obhasa
Eleocharis palustris
Eleocharis parvula
Eleocharis tenuis
Ercchtites bieracifolia
Eupatorium sp.
Euthamia sp,

Fraxinus pengylvanica
Glyceria sp.
Heteranthera reniformis
Hibiscus moscheutos
Humulus japonicus
Hydrocotyle americana

Pontedena cordata

Ptilimniurn capillac,

Riccia fluitans
Rosa palustris

R. multiflora
Rumex verticill.
Sagittaria calycina
S. latifolia

Salix nigra
Samolus parvulus
Scirpus cyperinus
S. fluviatilis

S. pungeas

S. robustus

Sium suave

Sparganium eurycarp.

Spartina alterniflora X ABUMN
S. cynosuroides
. Spirodela polyrhiza

llex opaca
Tiex verticitlata

* Species of Spacial Conen~_

F. ADDITIONAL NOTES:



FORM 1: RECONNAISANCE / DELAWARE DRAFT 1993

MARSE SURVEYS

A. IDENTIFIERS/LOCATION
1. Survey site name: 2. Site name:
. . ANGrUSTINE CREE AREA X
3. Source Code: 4. Surveyors:
F93 winda C. WINTERS . R. McAuvoY '
5. Date: 6. USGS Quad: _ % 7. Quadcode: BJ07SSS5
o023 DELAARE. CITY . € TaviorSBeiie. 39072545
8. State: 9. County: 10. Town:
NEWCASTL 5 Pora~ el
11. Directions:
. 4¥bwﬁﬂq¥OFT—
- sHen poinds 3d Yahe RT. 9 south
7o rtach obsery [ @ @1 Prare. & o loat lauach. Cance

; Creede
Penn. Where road eovosses A‘Uju&hnz.. )
WEst on /%kgu)%‘imofuzk—- (Seq_ W\O\.P)-

B. TOPOGRAPHY

12. Reconnaisance Diagram:

—
) 5
A CREE K s A8D
C. VEGETATION/HABITAT
Observation Point: { Observation Point: 2 Observa%n Point:
) Community name: Community rame: R Community\Q§me:
Musroeicacy 3 TIDaL- ChisoriCAaw ] T/DAC

RRACLH MARSH

RRACK WARSH (REEK_
Soil comments: 7

UPLAND EDFE 2 CResk-

Soil

comments:

Soil coTants:

Ph rcym’rk’s australis

bistus / Cchinochlog_
Hioy / CrsMeri i

NoNDATED)
Dominant species Dominant species: - Dominant species:
Tree/Shrub: Tree/Shrub: Tree/shtg?:
Tiospyros / Viburnunn (rel. $ew) -
Y
4
Herb: Herb: Herb:

C
)

A

Comments:

Mueh of the creelc loande
1% dominated b"1 Mﬂ mits,
scattered  betuston ‘Nlr_ty.c&w__
move divevse Commurities.:
The e [shubo weflend €dge
1 wlog close Yo ¢ rtede
n s artac Dy /oo coader .

Comments:

L . Commen%s:
Sowme. %M aNreo—
Wes & sivold pbrd/
muvsh ;mwfmm}a«m‘y
T. latifolre dovminence .
“PT% qu o Hme 66
Su/wu-ev] .




D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)
— == =

We o~ ==

Uses Taywor's IRIDGE

X 16S™%

E. LIST OF PLANT SPECIES [by strata and w/cover values: [estimate percent cover

values]

Species Ob # |Ob# Species ob #|Obs# Species Ob #| cb#
1| =z 1 [ =2 1] 2

Acorus calamus e Impatiens capensis R N Thalictrum pubescens N .
Alisma subcordatm e Iris pseudacorus e e - Thelypteris palustris [ ___
Amaraathus cannabinus : : : _FE _ Iris versicolor I S Toxicodendronrad. [
Ambrosia trifida I PR Juncus acuminatus U DR Triad. virginicum U D
Amorpha frutescens I Juncus canadensis R Typha angustifolia INF_| ErE.
Apios americana N Juncus effusus S B T. x glauca |
Aslepias NESTH AT pulhra. | INFE Leersia oryzoides - Lov\ | PRE~ T. latifolia _ PRE| ERE~
Asler puniceus R P Leersia virginica —_—— o Vacemivm corymb. |
Aster sp. I Lemna minor : E___ —_— Vibumum recogn. | &ﬂ ——
Bidens bidentoides I Lilacopsis chincasis  __ __ _|__ Viola sp. _—
Bidens connata il Lilium superbum I B Wolffia braziliensis ~ _ _ _ | __
Bidens coronata I Lobelia cardinaiis o) Zizsnia aquatica [
Bidens frondosa P Ludwigia palusuris }.@_ e
Bidens laevis [ P Ludwigia peploides IR D OTHER
Bidens polylepis I Lycopus sp. —_— Pruvnus sevoHnoe. :)é%_é. —_——
Carex stricta I P Lysimachia terrestris  __ | = ino— Re—t
Carex sp. N Lythrum salicaria ANE Di;?\m‘—sosvi&iniana oM
Cephalanthus occidentalis | N Nuphar lutca S D \evrben s Nastata T Ll D
Ceratophyllum demersum R Osmunda cinnamomea __ __ _ | _ Eel gt prestrads ANF |
Cicuta maculata S Oxypalis rigidior N B SombueSCONdMSS — —— ﬂiﬁf_g:”
Cinna arundinacea R Panicum virgatum FRe | ’Encchm halimifolia ——— -
Clethra alnifolia U Panicum d\'cha\‘bmdqor.}_Nt__ ERe e —
Comus amomum __E e Pcltandra virginica F@{_ _EKEZ ’ — | ——
Carnus racemosa RS P Phalaris arundinacea | e | et
Cryptotzenia canadensis R Phragmites australis ~ _COM) | PRE. ——| e —
Cuscuta sp. N Pluchea odorata e . (_ ——
Cyperus odoratus TR | TRs. Polygonum arifolium _FRE | FRE. R
Cyperus engelmannii I P.densiflorwm Ep:fé e I P
Cyperus erythrorhizos [ B P.hqdmpiperoi“‘ Fre | _ PR J—
Cyperus esculentus D S P. puncAadur. FRE P PN P,
Cyperus sp. o Pontederia cordata e e
Decodon verticillans | eag Pulimnium capillec, e —_——h
Echinochloa crusgalli I Riccia fluitans S .
Echinochloa walteri INF_ ot Rosa palustris NG DR
Eleocharis obtusa I R. muttiflora —_
Eleocharis palustris R Rumex verticill. INE [ ANF
Eleacharis parvula o _ Sagintaria calycina — e e
Eleochanis tenuis el S. latifolia ANF L
Ercchtites hieracifolia ANE [ INY Salix nigra JR, DR
Eupatorism rugbsu 12a) _U\_LF____ — Samolus parvulus. | ———
Euthamia sp. R Scirpus cyperinus fﬁi —
Fraxinus pensylvanica R stobernae wontaniy _FRE. | FRE.
Glyceria sp. [ PR S. pungens —_——— e ——
Heteranthera reniformis N S. robustus PN DR
Hibiscus moscheutos E@/_ oM Sium suave ——— e
Humulus japonicus S P Sparganium eurycarp. __ [ __ - __
Hydrocotyle americana [ P Spartina altemiflora 1
Ilex opaca IR PR $. cynosuroides e _
Tlex verticillata I Spirodela polyrhiza ] E&

F. ADDITIONAL NOTES:




FORM 1: RECONNAISANCE / DELAWARE DRAFT 1993 MARSH SURVEYS
A. IDENTIFIERS/LOCATION

1. Survey site name: AGUSTING. Cs 2. Site name: AREA @
3. Source Code: 4. surveyors:
Fazuimn 12, C- W \NMTERS
5. Date: 6. USGS Quad: 7. Quadcode:
- il Z} TAveor's BRDGE. 3707545
. State: . County: 10. Town:
DE- Y Newscase . 0T Rorr PEAN

11. Directions:

e Redi F sowth o RTE Boren . When BT twms sowth | conbinue
o KT, 423 (McDensugh Road) - Turn ovwbd Me 137 oad onine "W' Cordinae__
on farvn rond peninsulas  indutaliodl o o,

B. TOPOGRAPHY

12. Reconnaisance Diagram:

[l Y\R:owbnb} WETLAND

C. VEGETATION/HABITAT

Observation Point: i" Observation Point: Observation Point:
Community name: Community name:. . . Community name:
InsmoRupicy] TIDA— :
FrEsk ~> BRACKisH MARSH —
Soil comments: Soil comments: Soil comments:
SATURATED ~2 INUNDATED | SATORATED
Dominant species Dominant specieé: Dominant species:
Tree/Shrub: Tree/Shrub: Tree/Shrub:
NI Rurniu M _—
Herb: Herb: ) Herb:

Hisos [
FABISCUS/ LEEL81 4/ e 1A1iDRA ECHINDCHLOA USALTE R

Comments: Comments: Comments:
This Sves BpResred 1o erard Nas o verm

Slppat™ mam \°_Wd5 acress oudlet. (ourd

Spp- Ke\&hw)bﬂ oiverse Y\,CST deder i ne MW

Phoag. vt dominard=- T Y\\icsmo\id (oo,




!

D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and

indicate precise location of

r el 47

E. LIST OF PLANT SPECIES ([by strata and w/cover values:

. -
o~

<

{estimate percent cover

values)

Species ob # |Ob4# Species ob #|Op# Species ob #|ob#HF
1 2, 2 2

Acorus calamus e Impaticns capensis ~ FRS .| _ Thalictrum pubeszens D,
Alisma subcordawum JE T Iris pscudacorus R S - Thelypteris palustris —_—
Amaranthus cannabinus [ P Iris versicolor N Toxicodendron rad. I N
Ambrosia trifida IR Juncus acuminatus [ D Triad. virginicum —_d
Amorpha frutescens N Juncus canadeasis I Typha angustifolia —_— e —
Apios americana I Juacus effusus —— T. x glauca .
Aslepias incarnata R Lecrsia oryzoides  ABUN | AGUIN T. latifolia _ INE_| AN
Asicr puniceus SRR R Leersia virginica [ D Vaccinium corymb. . __ __ | _
Asier sp. | o PP .Lempa minor coMl|Exe . Viburum recogn. © ABUN_| EOM
Bidens Tripacivtd R e o) i} Lilacopsis chinensis  ____ _ | _ _ _ Viola sp. S D
Bidens connata I Lilium superbum IR Wolffia braziliensis [P B
Bidens coronata R Lobelis cardinalis —— Zizania aquatica ——
Bidens frondosa I Ludwigia palustris LoM __C_QI/E
Bidens lacvis N NP Ludwigia peploides  __ ___ | __ OTHER
Bidens polylepis I Lycopus sp. e s Ui s oM | _
Carex stricta R PR Lysimachia tervesteis | _ - P yosN! inidne. Lo |
Carex AN Lythrum salicaris  _____| INE_ ngzzé oforics o~ — | COML
Cephalanthus occidentalis U Nuphar lutea — | ’boehn\gﬂ(l_ l(rd,'nca_.__
Ceratophyllum demersum I P Osmunda cinnamomea | R ?‘O'h e ——— ..LN_ -
Cicuta maculata R Oxypolis rigidior R ‘E‘,\';‘PB"U’“U"-" iy I FRE_
Cinna arundinacea A Panicum vigamm _ _ __ _|_ _ C\'o&k’ﬁ)um lmmwﬂ:__ T
Clethra alnifolia I Panicum &4 WV\G““_“_V"_ R ——e ) —
Cornus amomum — el Peltandra virginica ﬁ&,\r_: _E@_E/ —— | ———
Cornus racemosa U R Phalaris arundinacea  _ e —— | —
Cryptotacnia canadensis U S Phragmites australis f@ Q_OE_ PR R
Cuscuta sp. U P, Pluchea odorata e e
Cyperus odoratus ANF__ | Polygonum arifolium - __M' e e
Cyperus engelmannii S R P. SCOYVUENS COM | IN e
Cyperus erythrorhizos R S P. Mdro?*md's e /_‘@E —_—————
Cyperus csculentus R P. pehnMIVdnlwm_ A RS D
Cyperus sp. I Pontederia cordata _ | I N
Decodon verticillams R _'__F_ Ptilimnium capillas. __ __ _ | __ _ __ ORI DU
Echinochloa crusgalli e Riceia fluitans o |
Echinochloa walteri INE_ AN Rosa palustris INF_ |
Eleocharis obtusa I R. multiflora P D
Eleocharis palustris R Rumex verticill. oM | _
Eleocharis parvula S I Sagittaria calycina _—
Eleocharis tenuis T S. latifolia C__IONF
Erechtites hieracifolia N Salix nigra ——————
Eupatorium  Juhiim o |ANF_ Samolus parvulus  ___ _|____ __
Euthamis sp. [ FE Scirpus cyperinus ——— .LN}_
Fraxinus pensylvanica I A S. fluviatilis e
Glyceria sp. S S. pungeas ——— e —_—
Heteranthers reniformis I ) S. robustus ——— e
Hibiscus moscheutos /%Q_bl: 5_@& Sium suave —_—— e} ——————
Humulus japonicus T M Sparganium euryearp. __
Hydrocolyle americana S A Spartina altemiflora  __ i _
Diex opaca R S. cynosuroides [ DR
Nax verticillata e Spirodela polyrhiza .EEJ_ —_——

F. ADDITIONAL NOTES:



FORM 1:

RECONNAISANCE / DELAWARE DRAFT 1993

MARSH SURVEYS

A. IDENTIFIERS/LOCATION
1. survey site name: .gcgsming CREEK 2. Site name: AQ@ga <§i> page 1
3. Source Code: 4. Surveyors:
FA2 QINGSB CRIS WINTERS
5. Date: _ i 6. USGS Quad: 7. Quadcode:
0822395 TAYopS BRIDOE 2907545~
8. State: 9. County: 10. Town:
Naww (ASTLE FORT  PENN

1l. Directions:

Tkt
R4+ 423 ( Mc Don

‘o \/\w.(“{’iﬂd /marsh.

Rovtes T Sodtn  Loven Tort Penn .

whoern 3.

ough Rd). Tum ondo Yhe 7 rood  om e 1
Farm road owm left just past Fhe house. Frailer .

9 tum  soddh |, contirme. on

. Tum ondo
Follow road (Stay fo righet) oul™

B. TOPOGRAPHY

C. VEGETATION/HABITAT

Observation-Poiht:

Observation Point: 2

Observation Point: 5

Community e:
[HisTor4 ey {TIDAL.

FRESH 10 BRACGUSH  MNARSH

Community name:

—_—

Community name:
L

Seil comments:

SATURATED <> INUNDATED,
Nbcie SUDBSTRATE-

Soil’comments:
SATUATED = INONDATED

Soil comments:

SATURAILO —D INUTNDATED

Dominant species
Tree/Shrub:

Sacix / NI BURNIN

Dominant species:
Tree/sShrub:.

SAMBUCUS CAMADENSIS

Dominant species:
Tree/Shrub:

CEPMAL»NEUS CCCIDENTALLSS

Herb:

Hi1BISCVUS JLEERSIA

Herb:
TYPHA ANGUSTTFOoM A

Herb:

H1BjScUS HOSCHEVTRS

Sc ;)H(/Y‘(d

ACross ¢ reeb -

oA Ton, €3 pel
RN oo S

Comments: Comments: Comments:
Diveyse. wdlw’fﬂm(‘:ij Thus com»«w.w*‘y SL"F‘U'P Domi nated 5\1 Shwd<
Greed . « Similer vf?e'/*éfffﬂ\ AN 6 e cavd  Hbisas .
AN~ oS/




| B .
D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and

indicate precise location of

observation points)

R RIN

=3

L. A,
-~

&5

T UGS TAYLORS
(Ati; GUAD

i X 165

BRIXGE.

E. LIST OF PLANT SPECIES [by strata and w/cover values: [estimate percent cover
values]
Species ob #| Db #|ob# Species 0b # |Ob# |Obt Species ob # Obitﬂ Cott
213 1 2 13 i 213

Acorus calamus [ P Impaticas capensis ] Thalictrum pubescens —_———
Alisma subcordanm SRR P Iris pseudacorus _FRE. | _| - Thelypteris palustris (|
Amaranthus cannabinus ] Iris versicolor JUUR P Toxicodendron rad. U _t
Ambrosia trifida I Juacus acuminatug U DS Triad, virginicum ——— e
Amorpha frutcscens I P Juncus canadensis R Typha angustifolia o &ﬁgjj_
Apios americana I R Juncus cffusus FRE -y _ _ _| T. x glauca S R
Aslepiag incarnata I Leersia oryzoides - ARUMN. _{_ _ _| T. ladfolia _ : CQ“./[ o jcoM
Aster puniceus N P Leersia virginica ] Vaccinium corymb. - _ __ | __ |
Aster sp. N Lemna minor U D Viburmum recogn. . CQFM | _ |
Bidens bidentoides e ] Lilacopsis chineasis  __ __ __|_ __ Viola sp. —— | — ]
Bideas connata e ] - Lilium superbum R S : Wolffia braziliensis U T _L
Bidens coronata I Lobelia cardinalis e _ _|FRe~ Zizania aquatica SR [ —
Bidens frondosa U J Ludwigia palustris [ P
Bidens lacvis ] Ludwigia peploides ~ (O¥) |__ __ _| OTHER .
Bideas polylepis | ] Lycopus sp. e b SOWd semP"wr?ns ”l.F —_— +
Carex stricta IS PR Lysimachia terrestreis  __ _ _ | _ _ _| Conl{melina < jN_F.: ———t
Carex sp. I Lythrum salicaria | _jFAe | Sold > ___lcoMm
Cephalanthus occidentalis R N V- 5 Nuphar futea R Nerbenan | _FRE
Ceratophyllum demersum R Osmunda cinmamomea __ __ __{__ _ _| Sombucus adensis___ | FRre -~
Cicuta maculata e — Oxypolis rigidior PN P 5upa'\'b(3blm dubfwn__ — e — __FR&
Cinna srundinacea R Panicum virgatum feg-|_ _ _] ’ NP PR |
Clethra alnifolia ] Panicum sp. R —_— |
Comus .. _EreA__ _|FRe Peltandra virginica corr [ e 4
Comus racemosa IR T Phalaris arundinacea ] EUSTR FUNPE §
Crypiotaenia canadensis R Phragmites australis ~ _COV| | FRL, | ———f——t
Cuscuta sp. I U Pluchea odorata U PE —_— 1
Cyperus odoratus I M Polygonum arifolivm __ __ _ [ _ __ —— | L
Cyperus engelmannii — e ] P. hydropiperoides | _ _ | et

3Cyperus erythrorhizos ANF ] ¥ P densHlowm TR [ COM | RN I
Cyperus esculentus — P. sagitawm e o —— e |
Cyperus sp. I Pontederia cordata A | ] —— — ~___L_,_
Decodan verticillatus I A Ptlimnium capillac. _ _ ____4 P (R
Echinochloa crusgalli I A Riccia fluitans |
Echinochlos walteri LoM [ _| Rosa palustris || FRE A
Elcocharis obtusa P R. multiflora I
Eleocharis palustris e ] Rumex verticill, ABIN_ | ]
Eleocharis parvula I A Sagittaria calycina —— e _{
Eleocharis tenuis I R S. latifolia fRE. 1 -]
Ercchtites hicracifolia fee | ] Salix nigra Fre. | _ |
Eupatorium PAlosurm ANF_ Samolus parvulus PR P
Euthamia Sx’am'\n\%\\é | COM] Scirpus cyperinus - -]
Fraxinus pénsylvanica Y 5. Tabe mammhni\_FEg._ —_
Glyceria sp. —_ e S. pungens —— e —
Heteranthera reniformis —_ S. robustus RN S
Hibiscus moscheutos ABYN__ | ERE JABUN Sium suave N, I
Humulus japonicus ] Sparganivm ewrycarp. |
Hydrocotyle americana. —_ Spartins aliernifiora | __ _|
Tiex opaca e e S. cynosuroides | e ]
Tlex verticillata — e e __L_ — Spirodela polyrhiza —_——m — _L —_

F. AEDDITIONAL NOTES: *  species of special Concerme
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MARSH SURVEYS

A. IDENTIFIERS/LOCATION
1. Survey site name: 2. Site name:
i ANGUSTINE CREEK Ares (D) page . 2

3. Source Code: 4. Surveyors:

FAD uINGS B C. L INTERS
5. Date: 6. USGS Quad: : 7. Quadcode:

082292 TAYLOR'S BRIDGE - 3907545
8. State: 9. County: 10. Town:

New) CASTLE

PowT P ANN

11. Directions:

(SM—- posf— ﬁL:)

B. TOPOGRAPHY

12. Reconnaisance

Diagram:

C. VEGETATION/HABITAT

Observation Point : 4

Observation Point:

Observation Point:

Community name:
HisToRIcALLY | TIDAe

FRESR TD ReACKISH  MARSH-
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Soil comments:
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Dominant species
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D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)

1)

(S'\«L..

pose.

E. LIST OF PLANT SPECIES [by strata and w/cover values: [estimate percent cover

values])

Species Ob # Species Ob # Species Ob #
Al I - S

Acorus calamus —_—t Impatiens capensis e Thalictrum pubescens S P

Alisma subcordatum I P Iris pscudacorus U S - Thelypteris palustris | __

Amaranthus cannabinus IR P 1ris versicolor U PR Toxicodendron rad. [ D

Ambrosia trifida P PR Juncus acuminatus I SR Triad, virgimicum e ——

Amorpba frutescens I PR Juncus canadensis R S Typha angustifolia R P

Apios americana I B Juncus effusus Y P T. x glauca ——

Aslepias incamnata —— Leersia oryzoides PR R T. latifolia ABON_ |

Aster puniceus R T Lecrsia virginica B S Vacemium corymb. R N

Aster sp. DR B Lemna minor PR P Vibumum recogn. SR S

Bidens SP.- — - AGON [ Lilacopsis chinensis - _ __ _ |_.__ __ Violasp.  ° ———|——

Bidens connata R Lilium superbum I M Wolffia braziliensis ~ _ _ _|______

Bidens corenata e Lobelia cardinalis o Zizapia aquatica — e e

Bidens frondosa R D Ludwigia palustris [ DR '

Bidens lacvis e Ludwigia peploides  __ __ _ | __ __ OTHER

Bidens polylepis P Lycopus sp. U A Verbena hestadoa FRE-}

Carex stricta I B Lysimachia torrestris  __ _ __|__ __ __ So\id&.jo rugsose  COM\_j____ __

Carex sp. ——ee|——— Lythnm salicaria ~ _FRE. [ __ Onoclioe Stmbilis TRE= |

Cephalanthus occidentalis FRe Nuphar lutea —————— Mic \’05“(? urn Gimineum COM_ [

Ceratophyllum demersum ——o) Osmunda cinnamomes __ __ _ | __ __ A . —_—

Cicuta maculata P P Oxypolis rigidior e Grawarene- ‘1) ST PR

Cinna arundinacca [ PR Panicum virgatum b e —_

Clethra atnifolia | e e Panicum sp. ——— | ——— — e | e e e

Cornus smomum —— Peltandra virginica R G P,

Comus racemosa U DR Phalaris arundinacea __ __ _ t_ —— e o

Cryptotacnia canadensis I B Phragmites sustralis  (AgoND (____ e e ——

Cuscuta 5p. I DR Pluchca odorata P R

Cyperus odoratus e = Polygonum arifolium U I —— e b

Cypenus engetmannii I . P. hydropiperaides e | e = ——————

Cyperus erythrorhizos I P.pev\n&{h‘“ma“m co i _ _ —— e [ — —

Cyperus esculentus — P. sagitiatum LoM | —_————

Cyperus sp. I DR Pontederia cordata PO P el —

Decodon verticillatus —— Pilimnium capillae. __ __ __|_ __ __ R P

Echinochloa crusgalli I DI, Riccia fluitans — e —

Echinochloa walteri AGON | Rosa palustris N

Elcocharis obtusa e R. muitiflora [

Eleocharis palustris e Rumex verticill, I S

Eitocharis parvula [ N Saginaria calycina [ S

Eleocharis tenuis I $. latifolia — e | —

Erechtites hieracifolia e o | Salix nigra — e | —

Eupatorium sp. R DR Samolus parvulus I S

Euthamia sp. o Scirpus cyperinus Lo | __

Fraxinus peasylvanica U DR S. fluviatilis e —

Glyceria sp. [ P, S. pungens —— e | —

Heteranthera reniformis SR S. robustus |

Hibiscus moscheutos E@g<_ —_— Sium suave e | —

Humulus japonicus I D Sparganium eutycarp. _ __ | _.

Hydrocotyle americana U Spartina altemiflora I P

Tlex opaca U DR §. cynosuroides e | —

Tlex verticillata U Spirodela polyrhiza —_—— e —

F. ADDITIONAL NOTES:
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5. Date: 6. USGS Quad: 7. Quadcode:
I¢2292 Tayeor's B RIDTE /D& AwaRE Ciry 3907545, 5707555
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11. Directions:
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Tree/Shrub: Tree/Shrub: ’ Tree/Shrub:
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D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)

E. LIST OF PLANT

SPECIES [by strata and w/cover values: [estimate percent cover

values]

Species ob # |obt# |opt ] Species ob #|Op# |Ovtt-. Species ob #|Coff MHL
L a2 | = | 112 |2 A 1213

Acorus calamus ] Impaticas capesis —— ] Thalicuum pubescens I
Alisma subcordamum — Iris pscudacorus — e o] e ] - Thelyperis palusiris | _ __ _|
Amaranthus cannabinug o Iris versicolor ——— ] Toxicodendroa rad. — e e ]
Ambrosia uifida S T Juncus acuminatus e | o — ] Triad, virginicum —_——)—
Amorpha frutescens R S Juncus canadensis I S Typha angustifolia | e
Apios amecricana I Juncus cffusus | T. x glauca —_—— e — ]
Asicpias incamata — Leersia oryzoides U B T. ladfolia _ _— -U‘LF'—1
Aster puniceus —— Leersia virginica _— ] ] Vaccinium corymb.” __ _f_ __ ]
Aster sp. R Lemna minor SR DA Vibumum recogn.” . _ _ | __ __ |
Bidens bidentoides R Lilacopsis chinensis ~ __ __ _ |~ _| . Viola sp. —— | — ]
Bidens connata I DR Lil_ium supcrbum —_ ] Wolffia brazilicnsis IR B
Bidens coronata I P Lobelia cardinalis IR B . Zizania aquatica | e ]
Bidens frondosa —— ) Ludwigiz paluswris~ _____| _ __1COW\ ) »
Bidens lacvis S S Ludwigia peploides e e ] OTHER
Bidens polylepis I Lycopussp. ~  _ _ _{_ | MYN{)W——— —
Carex stricta —_——t Lysimachia tesrestris I DR ?‘(\Nﬁ y ne @l’\_
Carex sp. R Lythrum salicaria I 3‘@‘1“ feginiana.._ _ | Cott_|
Cephalanthus occidentalis U P Nuphar lutca —— V\(Cmfvs'\uwn?lqun\_ _
Ceratophylium demersum I PR Osmunda cinnamomea _ _ _f | - —_—— | e ]
Cicuta maculata I Oxypolis rigidior — —_—
Cinna arundinaces NP SR Panicum virgaum — — ——— ]
Clethra alnifolia el Panicum d\CN\OW\G“W_“_WL _ E@A’ | —— ]
Comus amomum I P Peltandra virginica | INE _] <ot —_ ]
Cornus raccmosa e Phalaris arundinacea  __ —— — | — o o]
Cryptotacnia canadensis R Phragmiles australis :@&E —__|poM — ] e e
Cuscula sp. R . Pluchea odorala. e —fINE L —_——— ]
Cyperus odoratus I Polygonum arifolium __ __ _ | _ __ _| —————
Cyperus engelmanaii U P. hydropipcroides I U P
Cyperus erythrorhizos I P.W\"’E‘((Wb‘"‘ ——|COM | RN [ ———
Cyperus esculcams —— : P, sagitaum ] — e ] —— | —— ]
Cyperus 3p. —e o Pontederia cordata — e e Fﬂf/ —— e | e e}
Decodon verticillatus JUR DR Pulimaium capillac, __ __ 1 __ ___ | —_— ]
Echinochloa crusgalli P D Riccia fluitans RN S
Echinochloa walieri S D Rosa palustris o ] e e
Elcocharis obusa [ PR R. muliiflora —— ]
Elcochanis palustris I N Rumex venicill. ——— KEL
Eleocharis parvula —_—— e ] Saginaria calycina —— | — ]
Elcochans tenuis ] §. latifolia ———
Erscchtitcs hicracifolia — _|Cat Salix nigra — | ——
Eupatorium sp. I S Samolus parvulus |
Euthamia sp. I P Scirpus cyperinus I N
Fraxinus pensylvanics N D 8. fluviatilis ———f—_— ]
Glyceria sp. : ——e b S. pungens —— | ]
Hetcranthera reniformis I S. robustus e ]
Hibiscus moscheutos ——— E@ ! NF Sium suave — e e ]
Humulus japonicus | i Sparganium curyearp. __ _ _ | _|
Hydrocotyle americana e e Spartina altemiflon | __ _|
llex opaca —— S. cynosuroides — e e | e ]
ftex verticillata —— b ] Spirodels polyrhiza  __ __ _ | _ | .

F. ADDITIONAL NOTES:



FORM 1: RECONNAISANCE / DELAWARE DRAFT 1993

MARSH SURVEYS

A. IDENTIFIERS/LOCATION
1. Survey site name: AQGUSTINE - CREe — 2. Site name: AREA @ >
3. Source Code: 4, Surveyors:
FAswin 248 C.WinTERS | S . Ltk
S. Date: €. USGS Quad: 7. Quadcode:
Ig22492 7Aw.ova‘s;P>mbG’€/Da/+wMa Uy 39075495, 3707555
8. State:TDE; 9. County: 10. Town: ° 4
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11. Directions:
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Soil comments: Solil comments:
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Dominant species Dominant species: Dominant speéies:
Tree/Shrub: Tree/Shrub: Tree/Shrub:

- / /

Herb: Herb: , Herb: :
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D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)

E. LIST OF PLANT SPECIES [by strata and w/cover values: [estimate percent cover
values)
Species ob #|0b# |ob# Species ob #|ob# |OvHt Species ob #|co¥ Cﬁ#‘
A 15 16 4 s 1@ S b
Acorus calamus I N Impaticns capensis ~ __ __ _ | __ ___| Thalicuum pubescens _ __ |
Alisma subcordatum _—— ] Iris pscudacorus ——] —— ] - Thelypteris palustris | __ _ |
Amaranthus cannabinus ] Iris versicolor ] Toxicodendronrad.  _ _ 1 _ __ _|
Ambrosia trifida e e Juncus acuminatus I D Triad. virginicum —_——| e
Amorpha frutcscens IR I Juncus canadeosis U B Typha angustifolia JLEN .
Apios americana —— ] Juncus cffusus S S “T. x glauca PRI p—
Aaslepias incarnata I Leersia aryzoides - - _ | | T. latifolia _ PRE - DoY)/l
Aster puniceus JU I . Leersia virginica e __A-GUN Vaccinium corymb, - | - |
Aster sp. R S Lemna minor COMA_ | __ ] Viburnum recogn. U N
Bidens bidentoides [ S Lilacopsis chincnsis b ] . Viola sp, e
Bidens connata I N Lilium superbum [ P Wolffia brazilicnsis I B
Bidens coronata U N Lobelia cardinalis _ _ Zizania aquatica e ]
Bidens frondosa i Ludwigia patustris ~ AGON | BN
Bidens lacvis e Ludwigia peploides S DR OTHER
Bidens polylepis N S Lycopus sp. | — —_——f o
Carex suicta U DU Lysimachia worestis | | —_—— __j
Carex sp, ——te e Lythrum salicaria — e e ] —— | ]
Cephalanthus occidentalis N S Nuphar lutes —— ———f e
Ceratophylium demersum U Osmunda cinnamomea __ __ | __ — e | ]
Cicuta maculata S DR Oxypolis rigidior — e o] e e o] ———| e ]
Cinna arundinacca e ] Panicum virgstum e e ] —_—— ]
Clethra alnifolia I N Pagicum sp. —— ] —————
Comus amomum — __j Peltandra virginica ——— LL\{—.F:COM ——— ...._j
Comus racemosa I P Phaiaris arundinacea  __ __ [ ___ | ——— e ]
Cryptotacnia canadensis R Phragmites australis ~ CodA | __ _[DOWM e | e ]
Cuscuta sp. — ] Pluchea odorata — e ] ]
Cyperus odoratus ‘EEQ___ Polygonum Sp- e INF e | ]
Cyperus engelmannii | e P. bydropipcroides e e —— | ]
Cyperus erythrorhizos ] P. punctatum N PSR — | o ]
Cyperus esculentus —d P. sagitatum ——] ———f—— ]
Cyperus sp. o ___j Pontederia cordata e _LPE — e
Decodon verticillatus e Pulimnium capillac. __ ___F__ TSI NN
Echinochloa crusgalli e ) Riccia flvitans — e | e e
Echinochlos walteri AN | BE _| Rosa palustris RN PR
Eleocharis obtusa —— ] R. multifiora — ———
Eleocharis palustris ] e ] Rumex venticill. _L’\E ——fo
Elcocharis parvula N Sagiftasia calycina e — ]
Elcocharis tenuis —— e ] §. latifolia —_———f e
Ercchiites hicracifolia —_—— e Salix nigra —_———fe——
Eupatorium sp. U S Samolus parvulus —_—) ]
Euthamia sp. O Scirpus cyperinus ———f e
Fraxinus pensylvanica I D 5. N E@d PRE.
Glycena sp. ] S. pungens ——— e ——
Heteranthera reniformis G S : §. robustus et | o e e
Hibiscus moscheutas R R Y Sium suave —_——— e
Humulus japonicus [ DR Sparganium curycarp.

Hydrocotyle americana
llex opaca
llex verticillaa

Spartina altemiflors
S. cynosuroides
Spirodela polyrhiza

F. ADDITIONAL NOTES:
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1. Survey site name: AQ(IUS'WNE CREE K 2. Site name: AReA @ P 3
3. Source Code: 4. Surveyors:
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8. State: 9., County: 10. Town: ° 4
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11. Directions:
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12. Reconnaisance Diagram:

C. VEGETATION/HABITAT
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Soil comments: ’Soil comments: Soil comments:
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Dominant species Dominant species: Dominant species:
Tree/Shrub: Tree/Shrub: o Tree/Shrub:
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P

indicate precise location of observation points)

" ION rOINTS LOCATIONS (1in space below attach topo photocopy and

E. LIST OF PLANT

SPECIES [by strata and w/cover values:

(estimate percent cover

values)

Species ob # |ob¥ |op# Species ob #|ob# |Ovtt Species ob #|Cb# Cﬁ*
Z 18 19 2. 1& 19 7 18

Acorus calamus I N Impaticas capcnsis  _ __ _ | _ _ _| Thalictrum pubeseens  __ __ _ | __ __ _|
Alisma subcordatum S Iris pscudacorus —— ] - Thelypteris palustris | __
Amaranthus cannabinus e e ] Iris versicolor e Toxicodendroarad. | __
Ambrosia trifida e Juncus acuminams —_—— ] Triad. virginicum —_—— ]
Amorpha frutescens DR SR B Juncus canadensis R R Typha angustifotia™  __ __ | ____ |
Apios americana ——— ______j Juncus effusus ——— T. x glauca —— | —— ]
Aslepias incarnata R DEESE I Leersia oryzoides b | ] FRE, T. laufolia _ e
Aster puniceus ] Lecrsia virginiea- | . _ | _ ___| Vaccinium corymb. I
Aster sp. A Leaina minor e _ e | Vibumum recogn. I
Bidens bidentoides R Lilacopsis chincngis  __ _ | _ _ _| , Viola sp. R DR
Bidens connata I Lilium superbum N P Wolffia brazilicosis ~ _ ___} _ _ _|
Bidens coronala R . Lobetia cardinafis . __ _ _}_ | Zizania aquatica —— ) e ]
Bidens frondosa R Ludwigiapalusis | _ _ _| oW\
Bidens laevis e Ludwigia peploides __ __ _{_ |
Bidens polylepis PR D Lycopus sp. I ’RM COPW N CO oM | _ _
Carex stricta P DR Lysimachia tervestris  __ __ _}_ | ms\ll lﬂM_LQ —_—]
Carex sp. e e Lytrum salicaria e ) e ] Y\A('Y!ﬁkj;u iminuaLON
Cephalanthus oceidentalis e Nuphar lutes ——— ERE e ] —— e ]
Cecatophylium demersum PO P Osmunds cinnamomea __ _ ____j R DR
Cicuta maculata I P Oxypolis rigidior e ] —_— ]
Cinna arundinacea b Panicum virgatum —_ ] —
Clethra alnifolia ———fm— ] Panicum A\C“dmmfx ] ]
Comus amomum —_1=—7 Pchandra virginiea | | GO ABUN O S j
Cormus racemosa —— ) Phalaris aundinaces 1 __ _ | —_) ]
Crypiotacnia canadensis e o Phragmitesaustnalis  ______|INF _—.va\ —— | — ]
Cuscuta sp. ———y Pluchea odorats i I —_ | e ]
Cyperus odoratus PR P Polygonum arifolium U P —_—— e —_— ]
Cyperus engelmangii e P bydropiperoides . _— —— e} e ]
Cyperus erythrorhizos N ﬁms\,)vmwm QQ_I{ JINE —_—— ]
Cyperus esculentus —— ] —— | ] —— | —— ]
Cyperus sp. —_ Pomedcm cordata PR FRE —_— ]
Decodon verticillatus ] Pllimnium capillac, __ __ _|_ __ _| — e
Echinochloa crusgalli R DR Riccia fluitans U P
Echinochlca walteri e Ross palustris —— ] ——
Eleocharis obtusa ——| e R. muhiflora ——
Eleocharis palustris ) ___( Rumex verticill. Eg (‘;O&_/E Cov\
Eleocharis parvula I P _j Saginaria calycina IO
Elcocharis enuis ) e S. latifolia —— e
Ercchtiles hieracifolia =20 Salix nigra — e o | e
Eupatorium sp. . Samolus parvulus ———
Euthamia sp. R Scirpus cyperinus I P
Fraxinus pensylvanica i ] S. fluviatitia. e ]
Glyeenia sp. U I S. pungeas [ B
Heteranthera reaiformis I PR S. robustus e | e e ]
Hibiscus moscheutos _WE;__ DOWM |COM Sium suave —_—— e
Humulus japonicus e ] Sparganium euryearp. __ __ - | ______
Hydrocotyle americana PR D Spartina slemiflos | _|
lNex opaca R S. cynosuroidcs e
Ilex verticiltata —— b Spirodela polyshiza  __ | ___ _ | _ _|
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D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)

E. LIST OF PLANT

SPECIES ([by strata and w/cover values:

[estimate percent cover

values]

Species ob # |Ob# |ob# Species ob #|opt |Ovt- Species ob #|co# i
o |11 2 o | 1 | 12 o i |12

Acorus calamus —_—— e ] Impaticns capensis e Thalictrum pubescens O DR

Alisma subcordstum PN B Iris pseudacorus N B - Thelyptenis palustris  __ __ _ | _|

Amuaranthus cannabinus N S Iris versicolor —_—d Toxicodendroa rad. I S —

Ambrosia trifida P Juncus acuminatus RN P Triad. virginicum e

Amorpha frutescens I Juncus canadensis [ _| Typha angustifalia — | ]

Apios americana PO Juncus effusus - U B T. x glaica ' N B

Aslepias incamats R Leersia oryzoides el i T. latfolia- _ v o]\ N

Aster puniceus JRR SR Leersia virginica - | Vaccinium corymb. -

Aster sp. - I S Lemia minor b Viburmum recogn. %&E me

Bidens bidentoides e e ] Lilacopsis chinensis  __ _ _ | __ | . Viola sp. —_

Bidens connata —— e e Lilium 5up:rbum o e Wolffia braziliensis — ] e —

Bidens coronata —_——t Lobelia cardinalis S Zizania aquatica PPN S 1

Bidens frondosa - [ P Ludwigia palustris m _ __/SIE’UN 7]

Bidens lacvis JUNUN B Ludwigia peploides  __ _ | _ __ _| JOTHER .,

Bidens polylepis R Lycopus sp. e ] 'D‘“Wmv"?'n‘éfb___ —_ {0

Carex stricta PR DR Lysimachia terrestris — [P DR

Carex sp. N Lytrum salieaia  ATON |~ — 7| CoM b

Cepbalanthus occidentalis R D Nuphar lutea — | AEONT ARON __|==3

Ceratophyltum demcrsum ] Osmunda cinpamomea | | —_

Cicuta maculata ] ] Oxypolis rigidior R DR —_————— :

Cinma srundinacca e Panicum virganm e ] e ] N, JU—

Clethra alnifolia PR Panicum sp. e e ] ——— ]

Comus amomum e ] Peltandra virginica e ] —— e ]

Cormnus racemosa e Phalaris arundinacea | _ | e} ]

Cryptotacaia canadcasis I Phragmites australis  __ ___{__ _|COM —— e ]

Cuscuta sp. — e ]| e o] Pluchea odorans e e | e e o] — e i | e a— ]

Cyperus odoratus JEUR BN Polygodum arifolium __ _ _ | __ __ _| ——— ] ]

Cyperus engelmannii [ PR P. bydropiperoides — [P, PR

O/::ruscrymmrhims R r.| ifalium E@& __j ———— __.:

Cyperus gsculentus I R P. sagitaum I D e o —

Cyperus sp. et Pontederia cordata N S R .

Decodon verticillatus R Pulimnium eapillsc. ~ __ __ _|____ __ —— e ]

Echinochloa ¢rusgalli — b Riccia fluitans PR SR

. Echinochloa waltcsi N Rosa palustris e | _|INF

Elcocharis obtusa e ] R. muttiflora U DU

Elcocharis palustris R . Rumcx venicill. e

Eleocharis parvula e ] Sagittaria calycina e e ]

Elcocharis tenuis — __j S. laufolia —— e ]

Erechiites hicracifolia e Salix nigra U DU

Eupatorium sp. ] Samolus parvulus ——

Euthamia sp. e Scirpus cyperinus I R

Fraxinus pensylvanica ——— e ] S. fluviatlis — e e | e —|

Glyceria sp. 1 S. pungens S R

Heteranthers reniformis e $. robustus ——— e

Hibiscus moscheutos ] MNJ Sium suave —_——]———

Humulus japonicus o Spargagivm curycarp. __ __ _|____ __

Hydrocotyle americana I Spartina-alemiflors  _ ___ f __ __ __

llex opaca IR DR S. cynosuroides N I

Ilex verticillata oo b ] Spirodela polyrhiza | ___ | |
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indicate precise location of observation points)

D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and

E. LIST OF PLANT

SPECIES [by strata and w/cover values:

(estimate percent cover

values)

Species ob # |Ob¥# lob# Species ob #|ob# [Outt Species ob #|Coo C@
12 1 1A |15 12 1 14 1S~ i3 1 14 11

Acorus calamus - [ P lmpaticans capeasis I Thalictrum pubescens | __ _ |
Alisma subcordatum e ] Iris pscudacorua IR DR - Thelyperis paluswis [ __ .|
Amaranthus cannabinus —— e Iris versicolor [ SRR Toxicodendroa rad. = _ _ _{____ _]
Ambrosia trifida ——f e Juncus acuminatus e Triad, virginicum - _ - _f__ |
Amorpha frutescens A Juncus canadensis I B Typha angustifolia —— | e
Apios americana A Juncus cffusus e} ] T. x glauga, P P
Aslcpias incamala I Lecrsia oryzoides e ] T. lﬂ“f"l“ e e ]
Aster puniceus . U P Leersia virginica —— e ] —_———| e
Asersp. P~ T I Lemna minof* U . Vibumum recogn. —_— QQ’{(QW
Bidena bldcnwn!cs - —— Lilacopsis chinensis  __ __ _ | _ _ | . Viola sp. e | e ]
Bidens connata” S DU :‘ Lilium supcrbum PN DR Walffia brazilicasis e ]
Bidens coronala P PO Lobelia cardinalis —- ] Zizania aquatica —— ] — ]
Didens frondosa O B Ludwigia patustris ~ ARON|  _ _1agoN
Bidens lacvis | Ludwigis peploides 1 __ _ GTHER
Hidens polylepis ] Lycopus sp. e ] 'Dbsp.’ros viminians CcoMi__ (oY
Carex stricta ] Lyiimﬁhhf‘"‘“ﬁ' =ae—| —— —lees. Acen m}? —_—
Cucxp. —— |-~ Lo s FREC] omcuasens.bus —
Cephalanthus occidentalis ———em e ] Nuphar luica N _ARON w‘mmaa’ ind —_— B
Ceratophylium demersum U Osmunds cinnamomea __ _ _ | ____ ] —— e | e ]
Cicuta maculata e} e ] Oxypolis rigidior — e | e o ] R, [——
Cinna arundinacea —_——t Panicum virgawm e e e} e s ] —— e ]
Clethsa alnifolia S ) Panicum sp. ] —— ]
Cormus amomum . __j Peltandra virginica [ P —_—— e ]
Comus racemosa e e Phalaris arundinacea | __ _ _| —— ] ]
Cryplotacnia canadensis e e Phrsgmites australis ~ __ ___{__ _ _| — | e ]
C\ucuusp. —_—— | ] Pluchea odorata PO _____ ______
Cyperus odoratus * R Polygonum arifolivm __ _ _ | _ _ | —_—————
Cyperus cngclmannii IR SR P. hydropiperoides b T
Cypcrus erythrorhizos e P. punctatum e e ] —— | ]
Cyperus esculentus R DR P. sagitamum e —— ] ]
Cyperus sp. e Pontederia cordata e — | e ]
Decodon verticillatus U Pulimnium eapillac. | _ | ——— _...__L__,
Echinochloa crusgalli e e ~ Riceia fluitans I DR
Echinochloa walteri I Rosa-palustris DL — " Pow
Elcocharis obwsa I SR _1 R. mutiflom R
Elcocharis palustris U SN Rumex verticill, [ PR
Eleocharis parvuls ) ] Saginaria calycina —— | e ]
Eleocharis tenuis P S. latifolis ———f——
Erechtites hicracifolia ] Salix nigrs — e ]
Eupatorium sp. ] Samolus parvulus e e ]
Euthamia sp. I Scirpus cyperinus N
Fraxinus pensylvanica e S. fluvialilis —— e
Glyceria sp. [ N S. pungens —— - —
Hetcranthera reniformis [ S. robustus PRGN D
Hibiscus moscheutos Re-|_ ___|Fre Sium suave I
Humulus japonicus e e ] ' Sparganium curycarp. __ _ _ | . _ |
Hydrocotyle smericana —— Spanins altemiflon | _ _
Dex opaca IR PR S. cynosuroides I PR
Tlex verticillata INFI—_"TINE | spirodelapolyshiza  _ | |

F. ADDITIONAL NOTES:
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D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)

E. LIST OF PLANT SPECIES [by strata and w/cover values: [estimate percent cover

values]
Species ob # |Ob% |obt Species ob #|Ob# |Obtt- Species ob #|co# i
A (7 | /2 Lo \ /7 1 /8 e | tF |/

Acorus calamus R AEQA_H Impaticas capensis —_— Thalicurum pubescens I
Alisma subcordatum e Iris pscudacorus —_—— - Thelypteris palustris | __
Amaranthus cannabinus ) e ] Iris versicolor R D Toxicodendron rad. e
Ambrosia trifids —— ] Juncus acuminatus e ] Triad. virginicum R
Amorpha frutescens R Juncus canadensis I Typha angustifolia - - __ _f__ __ _|
Apios americana I .- Juncus effusus el v T.xpglaua 5 | — ]

" Aslcpias incamata T S | - Lecrsia oryzoides Af;&_ﬂ-_ —_—— AN | T. laifolia Lo _'__m
Aster puniceus —_ . Leecrsia virginica RIS DU Viceiniuin corymb R PR

- Aster,sp. B R R " * Lemna minor o __lcon Vibumum recogn, ___)}_QJ_[‘_‘L@M
Bidens bideatoides - -’ | | Lilacopsis chinensis ' _} __ _ _1 . Viola sp. —_— ]
Bidens connata N Lilium superbum o Wolffia brazilicasis [ B,
Bidens coronata —_— Lobelia cardinalis e o Zizania aquatica [ P
Bidens frondasa R 1 Ludwigia patustris ~ ABON | ___| T
Bidens lacvis RO P Ludwigia peploides  __ _ | __ | OTHER
Bidens polylepis —— Lycopus sp. N P /\cerl"uab\'um (oM_|_ _ |
Carex stricta IR P Lysimachia korrestris ] 'D'OSW{US‘(I(amléY\e SN D ¢
Carex sp. U B Lythrum salicaria —— ] __ _|FRE~ —_—— ........-“
Cephalanthus occidentalis FRf, EEE Nuphar lutea —_ _|n00N AN ———f e :
Ceratophyllum demersum —— e Osmunda cinnamomea __ __ __ | __ | — | ]
Cicuts maculata —— ] ‘Oxypolis rigidior R P —_———f e ]
Cinna arundinaces —_—— | ] Panicum virgstum IR D ) » — e —— ]
Clethra slnifolia _ ] Panicum sp. — — ] ' _— e ]
Comus &p.. FREA_ "] Peltandra virginica' * FRE_| &N JABSN R
Caruus racemosa —_—t Phaleris arundinacea | __ _ | —— | ]
Cryptotacnia canadensis R Phragmites australis [ _|INF ———f e ]
Cuscuta sp. | —— Pluchea odonts —_—— ] i ] —_—r——] ]
Cyperus odoratus e .| Polygonum arifolivm’ _ _ _ | _ | e —
Cyperus engelmannii IR P P. doliun 1 TABUN —_——
Cyperus erythrorhizos e —— ] P. punctatum ———]——] —— ] ]
Cyperus escuicntus e P. sagittatum e e ] e | e e ]
Cyperus sp. e Pontedenia cordata —ed e — e | e ]
Decodon verticillatus e Pulimnium capillse, - - - | | ———t b ]
Echinochloa crusgalli I Riccia fluitans e e ]
Echinochloa walteri I " Rosa palustris —— o
Elcochanis obtusa ——t : R. muliiflora ——
Eleocharis palustris R Rumex verticill. — __ _|ASUN [con
Elcocharis parvula e Sagitlaria calycima - _ | _ |
Elcacharis tenuis DU N S. latifolia R
Ercchuites hicracifolia R I Salix . ..QQ_—“I —_—
Eupatorium sp. T PR Samolus parvulus - —_|
Euthamis sp. I Scirpus cyperinus LoV
Fraxinus pensylvanica I S. fluviatilis - S M,
Glyceria sp, ——— ___1 S. pungens —— e ——|
Heteeanthera reniformis —_ S: robustus —_—— | -
Hibiscus moscheutos OM AN | Sium suave R U
Humulus japonicus | e Sparganivm cusycarp.  __ __ _f__
Hydrocatyle americana ——| e Sparing alemiflon [ __
llex opaca ———t e S. cynosuroides —_—de e
llex verticillawa ——— _mE_L_ —_— ] Spirodela polyrhiza —— e — _L — -

F. ADDITIONAL NOTES:
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D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy ana
indicate precise location of observation points)

E. LIST OF PLANT

SPECIES [by strata and w/cover values: [estimate percént cover

values]
Species ob # |Oob# |ob#. Species ob #|obt |Ob#- Species ob #|co#
19 J20A1 208 g |2zoA| 20B 19 20A |.208

Acorus calamus —— ] Impaticas capeasis [ Thalictrum pubcscens | D

Alisma subcordatum U B Iris pscudacorus _ _JINE_| - Thelypieris palustris e e

Amsranthus cannabinus e Iris versicolor — Toxicodendros rad.  __ __ _f __ __ _|

Ambrosia trifida e ] Juncus scuminatus DN Triad. virginicum e ] e e

Amorpha frutescens R Juncus canadensis I R Typha angustifolis ———fe ]

Apios americana — il — : ‘ - Juncus effusus EF‘—E/— e ] T..x glauca U N

Aslepias incarnata RN SR Leersia oryzoides ABUN_ |ABUN ICom T. latifolia _ FRE E@_‘ FRE

Astcr puniceus ST Leersid virginica R Vaccinium corymb. 2 | _]
T Astersp. R DU Lemna minor e _| A Vibumum recogn. I D

Bidens bidentoides ' - Lilacopsis chinensis  __ __ _ | _ __ | _ Viola sp. e = —

Bidens connata U Lilium superbum e Wolffia brazilieasis e e

Bidens coronata e Lobelia cardinalis [ Zizania aquatica | e ]

Bideas frondosa N B Ludwigia patustris ~ COM_|ABUN_[ABUN

Bidens lacvis I Ludwigia peploides  _ | _ __ | OTHER

Bidens polylepis —— e Lycopus sp. —_—— | o ] PUCIPIQUES ISR

Carex stricta I Lysimachia tervestria  _____ | _ | —— | ]

Carex sp. R B Lythrum salicaria e e o] e ]

Cephatanthus occideatalis RO DR Nuphar lutca COM\_| EnE. | PR, P

Ccratophy!lum demersum ——t Osmunda cinnamomea __ __ _ | __ _ _| _———

Cicula maculata — Oxypolis rigidior e ] | e e

Cinna arundinacea —— ] Panicum virgatum —— U:LE__ e o | e e e}

Clethra alnifolia ——d Panicum sp. — e ] - [N U

Comus amomum O Peltandra virginica  AGSR__ICOT\_JCOM NP B

Commus racemosa e Phalaris arundinacea | _ | —_— ]

Cryptotacnia canadensis ——t ] Phragmites australis M DO | —_———|—— -J

Cuscuta sp. el e ] Pluchca odorata PN DRI —

Cyperus odoratus ——e e L Polygonum ariflium | _| — | e ]

Cyperus engelmannii A P.l’apﬁ‘m‘b\‘um_f_&% —_ —— ]

Cyperus erythrorhizos I D P. punctatum e ] —— - — ]

Cyperus esculentus R P P. sagitawm | e —— e o ]

Cyperus sp. e _INF Pontedenia cordata — | ERe |FRE. e ]

Decodon verticiltatus R S Pulimnium eapitlsc. | __ ——

Echinochloa crusgalli —— Riccia fluitans P B

Echinocbloa walicri — __|CoM_|ABoN Rosa palusiris L Y

Elcocharis obtusa S P R. muhiflora il e o

Eleocharis patustris e __: Rumex verticill. ARUN |ABUN |Cot

Eleocharis parvula —— e Sagiftaria calycina e | e e —

Eleochania tenuis ———ee S. latifokia e = ]

Erechlites hicracifolia I Salix nigra | e ]

Eupatorium sp. I Samolus parvulus e

Euthamia sp. I N Scirpus cyperinus e e — FRE

Fraxinus pensylvanica R ISR | s Yabecnaemontanil E.Qzl_. O™

Glyceria sp. —— S. pungens ———|—_———

Heteranthera reniformis SR DR S. robustus —_———fe———

Hibiscus moscheulos AGUN | Comn_ [ Comy Sium suave P PR

Humulus japonicus ——] Sparganium eurycarp. __ __ _{__ __ __|

Hydrocotyle americana —_——) ] Spartina alwmiflonn | _ __

Tlex opaca el ] 8. cynosuroides PRSI PSS

Tiex verticiltata R D Spirodela polyrhiza PR [ SRR

F. ADBITIONAL NOTES :



FORM 1: RECONNAISANCE / DELAWARE DRAFT 1993 MARSH SURVEYS
A. IDENTIFIERS/LOCATION )

1. Survey site name: R e 2. Site name: A,RQA.@
AQ(XUST’N 1 £e Poge—- &
3. Source Code: 4. Surveyors:
FGqaennN 2. C.Wiwtéers | S . Link

5. Date: 6. USGS Quad: 7. Quadcode:

12242 TAyLorn'S B l\DC"E/D&/HoM'E. ary 39075498 3407555
8. State: 9. County: 10. Town: ° 4

D Newos cAsT e, Powa PN

1l. Directions:
Take wRoute A sesPn fvomm ’?or'f.“%nﬂ . Wwha~re voad Ovos.umﬁujusﬁ\rv;
Cxoeehe “nove 8 a boat leuvrch . Cr e wist o Augushre.Creele
+o bﬁo\9¢ Crosdins ofF RrIT. 420 Chrt Penin - -?x:v-/d's (e IQ-bad) ,

B. TOPOGRAPHY

12, 'Reconnaisance Diagram:

C. VEGETATION/HABITAT

";Aobservatiori ,'Pbint.; . Observation Point: Observation Point:
21 22 23
Community name: Community name: Community name:

Fres# = BRACKISH SHORELINE WET  MEADOULD Fresp < BRACLISH SHORELINE
Soil comments: Soil comments: Scil comments:

SATURATED = [NUNDATEX SATURNTEDS SATURATED ~> INUNDATERD
Dominant species Dominant species: ' - Dominant species:
Tree/Shrub: Tree/Shrub: Tree/Shrub: )

- Vibumum [ DSPYTes
Niburnum rea\cgm-um / rEcagm'th Nirginidna
Herb: Herb: ) Herb: -

T(.ipha Hibiscus Echinochiob ygonum Echinochlos Leersia
labrflia / moscneutos ualter; arifolium unsiteri oryzoides
Comments: Comments: Comments:

Dot EMEROGENT : . : ] .

Ruty. vertidlstus This obs?o\r\* was st
e second ot Hup Dosvluoks .

The ovea was Aerainard
by Graminaides .




D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)

E. LIST OF PLANT

’

SPECIES (by strata and w/cover values: [estimate percenﬁ cover

values)

Species ob # |0b¥ |ob#- Species ob #|oOb# |OvH Species ob #|co# df#‘
2] |22 |23 =2 122 125 2] |22 |23

Acorus calamus e Impatiens capeasis —— Thalictrum pubescens —_— ]

Alisma subcordatum I D Iris pseudacorus — e - Thelypteris palustris  ____ _ | __ |

Amaranthus cannabinus I Iris versicolor ] Toxicodendroavad.  __ _ | |

Ambrosia uifida e Juncus acuminatus e — ] Triad. virginicum e ]

Amorpha frutcscens R P Juncus canadensis SN DRV R - . Typba angustfolia . __ __ __} __ __ _|

Apios americana e Juncus cffusus —_ ] - T. x glauca —— ]

Aslepias incamata I PR Leersia oryzoides  ABON_ | |A6ON *T. latifolia _ ABUN | FRE. lcom

Aster puniceus U S Leersia virginica | o ‘Vactinium coymb: © ____ __ |

Aster sp. it ] Lemna minor DI P Vibumum recogn. © ARUN | — _ e

Bidens bidcatoides e Lilacopsis chincasis __ __ _ | _ _ _| , Violasp. R, P

Bidens connata —— ] Lilium superbum e Wolffis braziliensis N P

Didens coronala R Lobelia cardinalis I Zizania aquatics’ —— |

Bideas frondosa R Ludwigia palustis ~ ABUN | __ _ |AGUN ~ :

Bidens 5P o _INE ] Ludwigia peploides  __ _ _§{_ _ _| OTHER

Bidens polylepis R DR Lycopus sp. o] = ] Rhus Ca?a”né .QQ.HI_ —

Carex stricta I Lysimachia tesrestris | _ | Sd.é(fb C e INF

Carex sp. S Lythrum salicaria I DI VSR IONE: e e —— P

Cephalanthus occidentalis I DR Nuphar lutea e e e ] Racehams NSmifolio — — | _|INF

Ceratophylium demersum T P Osmunda cinnamomea __ _ _ | _ | : —_—— | —— ]

Cicuta maculata - - [ P Oxypolis rigidior ] _ e —_——]

Cinns arundinacea I D Panicum virgatum _— | FRE. | —_—— ] —_——]

Clethra alnifolia R D Pagicumd ichébmotloum __ __| COM_| —— | ]

Comus amomum R Peltandra virginiea -~ - _{__ __ _ICOM e o] e e ]

Comus racemosa I Phalaris arundinaces  __ _ _f_ | —_—— | ——

Cryptotacnia canadensis R Phragmites australis =~ FR&_ | {NE | —— | ]

Cuscuta 3p. —— e Pluchea odorata - __ b _ |

Cyperus odoramss R Polygonum arifolivm  ____ | ABUN | e

Cyperus engelmannii ) P lapethifolium FEE(__ ] —_————]

Cyperus erythrorhizos e P. punctatum ——— e e e | e e

Cyperus esculentus P P. sagitamm PR, —_———

Cyperus sp. e ___j Pontederia cordata ——— ____j U PR

Decodon verticillams - o e ] Pulimnium capillac, __ __ _|__ __ | —me e

Echinochloa crusgalli A Riccia fluitans e | —

Echinochloa walleri coh y N Rosa palustris ——————

Eleocharis obusa —— R. multiflora e | e ]

Elcocharis palustria R Rumex venicil. AGUN | _ _ _|

Elcocharis parvula IR Saginaria calycina |

Eleochanis tenuis T R S. latifolia P R

Erechtites hicracifolia R Salix nigra ——— | e

Eupalorium sp. I Samolus parvulus ——— |

Euthamia sp. — Scirpus cyperinus e} e |

Fraxinus pensylvanica IR D S—-RWMTM\“—LN—E | ——

Glyceria sp. e S. pungens —— ] —

Heteranthera reniformis ) e §S. robustus —— | o e

Hibiscus moscheutos ARSN_| Feg. | FRE Sium suave S R

Humulus japonicus S D Sparganium euryearp. _ |

Hydrocotyle americana —_—) e j Spartina altemiflors | __

Ilex opaca —_——d S. cynosuroides I PR

Tlex verticillata e Spirodela polyrhiza | __ __ | .. .

F. ADDITIONAL NOTES:




FORM 1l: RECONNAISANCE / DELAWARE DRAFT 1993 MARSH SURVEYS
A. IDENTIFIERS/LOCATION

1. Survey site name: TINE CREe 2. Site name: ARCA-
AOGUSTINE @ +-9
3. Source Code: 4. Surveyors:
FIawnmN 2.5 C.WiNTERS | S . LInNK—

5. Date: 6. USGS Quad: 7. Quadcode:

Ig22-92 TaYLow's B RIDGE [DEswORE CI 39075495 3707555
8. State: §. County: 10. Town: ° '

D Newo ¢asT e Powrsi~ Penn

11. Directions:
Take RouvTE A Sedh o " Rort Pennm . Wwhe~ve  road cvosses Aﬂjur}\k
Croeehe “a~ve s & boet lawvchk . Caroe wotsT o~ Atgushire.Creele
‘o br\'dse_ YOS of RIT. 420 (ot Penin - ?:ct1d'5 (e~ Road) )

B. TOPOGRAPHY

12. Reconnaisance Diagram:

- N

@[%M/

C. VEGETATION/HABITAT

Observation Point: Observation Point: Observation Point:
24 25
Community name: Community name: Community name:
fFresH = Beacust SHORELINE. —
Scil comments: Soil comments: Scoil comments:
SATURATED —2 INUNDATEY, SATORATED = INUNDATED
Dominant species Dominant species: Dominant species:
Tree/Shrub: Tree/Shrub: Tree/Shrub:
Viburnum rtwjm'hm Viburnum .R(ognhLuw\
Herb: Herb: Herb:
Leersia oryzoides Ehinochloas walter)

Comments: Comments: Comments:




D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)

E. LIST OF PLANT

SPECIES [by strata and w/cover values: [estimate perc'ent cover

values)

Species ob # l ob¥ |lob# Species ob #|Obt |Obtt Species ob #|co¥ [t
24 | 25 24 | 25 24 |25

Acorus calamus I P Impatiens capensis ~ _, __ _ | _ __ _| Thalictrum pubescens  _ _ _ | __ __ _|

Alisma subcordatum R Iris pssudaconus —_d - Thelypteris patustris ~ _ __ _ | __ |

Amaranthus cannabinus R D Iris versicolor S D Toxicodendron rad. [ _

Ambrosia trifida I Juncus acuminatus ] ___: Triad. virginicum —_— _,_:—_‘?"5

Amorpha frutescens ] Juocus canadcasis R Typha angustifolia ]

Apios americana U PR Juncus effusus I T. x glauca I DR

Aslepiag incarnata I Leersia oryzoides  AGUN__| COM | T. latifolia _ ——{ INE

Aster puniceus R Leersia virginica I . Vaccipium corymb. | __ __ _|

Aster sp. ] Lemna minor [ QK .. Vibumum recogn. CoM ABUN |

Bidens bideatoides N DR Lilacopsis chinensis - __ | _ __ _| _ Viola sp. N

Bidens connata —— e Lilium superbum — e ] e ] Wolffia brazilicasis ~ __ ___| __ _ _|

Bidens coronata —_ Lobelia cardinalis —_ Zizania aquatica —— ]

Bidens frondosa IR Ludwigiapalustris ~ COM | COWVI |

Bidens lacvis e ] Ludwigiapeploides  _ __ _ | __ _ __ OTHER

Bidens polylepis N Lycopus sp. R Raccharis Wlimifolia, FRE-| |

Carex strica R Lysimachia torrestris | _ _ | Diospyres Virginiena éO_l"I___ —__

Carcx sp. —— ] Lythrum salicaria | | Rhus copskinna oM | _

Cephalanthus occidentalis | ] Nuphar lutca — e ] e — ] - — ]

Ceratophyllum demersum U DR Osmunda cinnfmomea __ __ _ [ __ __ _| —_—— ] —— ]

Cicuta maculata [ PR Oxypolis rigidior — e [ — ]

Cinna erundinacea el Panicum virgatum e — e[

Clethra alnifolia ] Panicum sp. —— —_—— ]

Cormus amomum I DR Pcltandra virginica N PR —_— ]

Comus racemosa ] Phalaris arundinacea __ __ | __ __ _| e | ]

Cryptotacnia canadensis — ] Phragmites australis ~ __ __ _ { | U PR

Cuscuta sp. —_— Pluchea odorata —_—t e e e

Cyperus odoratus R P Polygooum $P<™ - [NE | _ _| | e

Cyperus eangelmannii ] P. hydropiperoides R P e I

Cyperus erythrorhizos — e P. punctaum ——— ____:J e __]

Cypenus esculentus R PU P. sagittatom | —— e e ]

Cyperus sp. e Pontederia cordata e [ P

Decoden verticillatus R D Pulimnjum capillae.  __ __ _|____ _| SN U I

Echinochloa crusgalli — ] Riccia fluitans [ SR

Echinochioa walteri Lot ABUN | Rosa palusisis —_————— ]

Eleocharis obtusa U PR R. muhiflora PR P

Eleocharis palustris SRR Rumex verticill. oM | Fre. |

Eleocharis parvula e Sagittaria calycina | e

Elcocharis tenuis —_— ] S. latifolia ———f

Erechijies hicracifolia o Salix nigra o]

Eupatoriom sp. R B Samolus parvulus e ]

Euthamis sp. ] Scirpus cyperinus —_———]——

Fraxinus pensylvanica i e S.W‘ITUBMMMEI_'__ N |

Glyceria sp. N PR S. pungeas S S

Hetcranthera renifornmis —_ ] §. robustus —— ] e ]

Hibiscus moscheutos RE F:p\}c Sium suave DR PR

Humulus japonicus —_—— ] Sparganium euryearp. __ __ | __ __ Ak

Hydrocotyle americana ) ] Spartina altemiflon  __ __ | _ _

Tlex opaca —_— S. cynosuroides ———f——

Tlex verticillata TTOATTT | spirodespolybim | __| . ]

F. ADDITIONAL NOTES:



FORM 1: RECONNAISANCE /
A. IDENTIFIERS/LOCATION

DELAWARE DRAFT 1993

MARSH SURVEYS

1. Survey site name:

AOGUSTINE. (REEK -

2. Site name:

Ares (B)

3. Source Code:

4. Surveyors:

NEwo> CASTZF

PIAWINIB C.unnzes, R. McAveY
S. Date: ! 6. USGS Quad: 7. Quadcode:
09039% DELAWRRE Ty 39072555
8. State: 9. County: 10. Town:

Por1T Penn

11. Directions:
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D. OBSERVATION POINTS LOCATIONS (in space below attach topo photocopy and
indicate precise location of observation points)
——g "1 B i

Ff . o "~ ,51-/. 1 _-.*l A 1 1/ _,o;f ‘]
! : AN oses  Pesware CITY
GUAD

£. LIST OF PLANT SPECTES (by strata and w/cover values: [estimate percent cover

values]

Species ob #|ob#F Op Species ob #| ob# |obi Species ob #| Oo#|Ob¥
L 2 |2 L1213 11213

Acorus calamus I DR Tmpatiens capensis — e Thalictrum pubescens  __ | . -
Alisma subcordatum I P Iris pscudacorus —_—— e ] . Thelypteris patustris | __ __ ]
Amaranthus cannabinus S Inis versicolor R P | 2 Toxicodeadronead,  __ __ __V ____ |
Ambrosia uifida R P Jupcus acuminatus —_—— Triad. virginicum | =
Amorpha frutcscens IR PR Tuncus canadensis el Typha angustifolia | e A
Apios americana IR Tuncus effusus IR T. x glauca e ]
Aslepias incarnata vav.puldr\m— _\_’1\’:_: I Leersia oryzoides —— oM AN T. latifolia _ —— | — _:CDM
Aster puniceus ] Leersis virginica R I Vaccinium corymb. R P
Aster 8p. I B ' Lemna minor Lo ] Vibumum $p. LoM_j_ __ |
Bidens bidentoides R - . . Lilacopsis chinensis  _ _ | | . Viola sp. - e
Bidens &P - o ____-%UN ~ Liliom superbum S DU . Wolffia brezilicasis I
Bidens coronata R R Lobelia cardinalis ~ _ __ | _| Zizania aquatica -7 .A(},Qli
Bidena frondosa ____|FRe Ludwigia palustris N D :
Bidens lacvis [ D Ludwigia peploides  __ __ __ | __ __ _|] OTHER |
Bidens polylepis D . Lycopus Awyericzvus EREA I | Sairellavia loderfollee (NE | _ ]
Carex siricia I P Lysimachia terrestis | _____| Rhus copatine e
Carex sp. I S Lythrum salicaria NP, PR bios, fé‘;gf dne ERE
Cephalanthus occidentalis I Nuphar luiea R P Lonbgre (oporice  FRE~|_ . |
Ceratophylium demersum I . Osmuada cinnamomea __ __ | _| Mnfria qumdﬂcb’ | ¥R
Cicuta maculata U PR Oxypolis rigidior e — ] Onodea Srsibiles ——— FRfA
Cinna arundinacea R P Panicum virgatum R . Ay rorin~  ——— £oe |
Clethra alnifolia U B Panicum 5p. — e e — —] Evi io huemald __._._—.-PRE/
Comus amomum I Pelandra virginica PR S| __ __J t,‘{.‘ﬂmf ekl V'Y-“ A — — oM
Comus racemosa o T Phalaris arundinacea  ____ _ | _ .| icves g;um i ___ ]
Cryptotacnia canadensis R P Phragmites mstralis  ERE.__| COM_ABUN ]
Cuscuta sp. T R Pluchea odorata JUR P e} — A
Cyperus odoratus ) S Polygonum asifolive COM | __ |

Cyperus engelmannii P. hydropiperoides

e s | e e et —— e e | e e e} i | e s

Cyperus erythrorhizos ] P. punctatum — ] e
Cyperus esculentus e ] P. sagitamm P, P —— e e — ]
Cyperus sp. PP PR Pontederia cordata U I e — A
Decodon verticillatus e~y _ | Ptlimnium capillee. __ __ _V__.| |}  ———l—— — —
Echinochloa crusgalli U Riccia fluitans [T, PR

Echinochloa walteri RSl _ ___(Com Rosa palustris [ S

Eleocharis obtusa R R. muhiflora i e A

Eleocharis palustris N P Rumex verticiil. S -

Elcocharis parvula R Sagittaria calycina e} e = ]

Eleocharis tenuis R P S. latifolia Lo |

Erechtites hieracifolia R Salix -SP. L _|EEE |

Eupatorium sp. I P Sameolus parvulus — | —— J

Euthamia sp. SR P Scirpus cyperinus | ]

Fraxinus peasylvanica IR, S S. fluvistilis ——————

Glyceria sp. IR I S. pungens —— | ——]

Heteranthera reniformis [ S. robustus —— | e ]

Hibiscus moscheutos ABY E —_ _1ABON Sium suave |

Humulus japonicus [ P Sparganium eurycarp.  __ ___ |

Hydrocotyle americana. [ SR Spartins altemiflora | |

Tiex opaca I P 8. cynosuroides — e | ]

Tex vericillata O D _L — Spirodela polyrhiza e e -y

F. ADDITIONAL NOTES:
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he Northern Delaware

Wetlands Rehabilitation

Program was established
by the Department of Natural
Resources and Environmental
Control to bring together civic
and business leaders, scientists,
resource managers, and property
owners to develop strategies to
restore nearly 10,000 acres of
wetlands—31 distinct sites—
along the Christina and Delaware
rivers in New Castle County.

NN /]

These marshes once contained
some of the state’s richest water-
fowl populations and served as
important nursery grounds and
breeding habitat for a wide variety
of fish and other wildlife.

They also helped filter pollu-
tants and sediments out of river
water and provided a buffer zone
during storms, protecting proper-
ties from flooding.

The marshes that are the focus
of this recovery initiative have
undergone a varied history of
change over the years: some
were drained by early Dutch and
Swedish settlers, who wanted to

turn marshland into farmland.
Other areas were drained in
hopes of decreasing mosquito
populations. And still other wet-
lands were drained to support a
growing population and its atten-
dant industrial, residential, and
highway expansion.

Despite nearly three centuries
of environmental abuse, however,
Delaware’s northern marshes can
be brought back to life.

How Do You
RESTORE A MARSH?

The Northern Delaware
Wetlands Rehabilitation

Installing wood duck boxes is just
one way to help attract wildlife back
1o once-degraded marshes.

and islands—all can help attract
wildlife to once-damaged marshes.

Control Nuisance Plants.
Phragmites is a tall, tasseled plant
that can overtake a wetland, form-
ing dense stands of little value to

Nearly 10,000 acres of tidal freshwater marshes in
New Castle County are targeted for restoration by the
Northern Delaware Wetlands Rebabilitation Program.

Program seeks to achieve
the following goals.
Improve Water Quality.
One key to restoring most
degraded marshes is to re-
establish their hydrology—
that is, daily tidal exchange
between marsh and river.
Water control structures can
be installed, permitting the
tides to flush nutrients and
aquatic organisms into and
out of the marsh as well as in-
crease the volume of water that
can be cleansed by the wetland.

Another key is controlling the
inputs of pollution to the marsh,
conveyed during storms, through
implementation of non-point
source control plans.

Increase Wildlife Populations.
Constructing duck and songbird
boxes, establishing preferred food
and cover plants, adjusting water
levels to accommodate the needs
of aquatic mammals, water birds,
and endangered species, and
increasing the diversity of shallow-
water habitats —ponds, ditches,

Phragmites is a tall, tas-
seled reed that can quickly
overtake a wetland, form-
ing thick stands that are
relatively useless as wildlife
habitar. Controlling the
spread of this plant is a
major goal of marsh
restoration.

wildlife. When interspersed
among other plants and open
water, however, Phragmites
can provide good habitat.
Thus, the goal is to control
rather than eradicate this
plant. The current practice
is to spray Phragmites with
herbicides in late summer,
followed by the controlled
burning of dead, standing
canes during winter.

Control Mosquitoes. Histori-
cally, wetlands were drained
as a mosquito control mea-
sure. However, removing the
water from the wetland sur-
face creates a prime egg-
laying site for floodwater
mosquito species. Heavy
rains or malfunctioning tide
gates can then flood the
marsh, permitting mosquito
eggs to hatch and the larvae
to develop, essentially pro-
moting mosquito breeding.

Several practices can help
control mosquito populations
in wetlands and decrease the
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use of insecticides: increase the
abundance of mosquito-eating
fish and insects, increase the ac-
cess of these species to mosquito
breeding areas, and eliminate
mosquito egg-laying sites.

Control Flooding. Wetlands
help soak up water during heavy
rains. Rehabilitation efforts focus
on installing new water control
structures or improving the effi-
ciency of existing ones to expe-
dite floodwater removal without
flooding adjacent properties.

Reduce Shoreline Evosion. As
buffer strips between land and
sea, wetlands absorb wave action

and protect shoreline soils with
an extensive root network. These
features can be enhanced by
revegetating exposed shoreline
or installing other forms of
erosion control, such as riprap.

Improve Recreational & Edu-
cational Opportunities. Rehabili-
tation plans for many wetlands
include installing nature trails
and greenways, observation
towers, and canoe and boat
ramps. Environmental curricula
will give school groups and
the public the opportunity to
learn more aboul wetlands and
their values.

WHAT WETLANDS
ARE TARGETED FOR
REHABILITATION?

Planning has begun for reha-
bilitating four northern marshes:
Gambacorta and Broad Dyke
marshes in New Castle, Augustine
Marsh near Port Penn, and Old
Wilmington Marsh.

Gambacoria Marsh. This 41-
acre marsh, located within the
New Castle city limits, is owned
by the Trustees of New Castle
Common. It is bordered on the
east by a recreational trail that
runs atop a dike, which isolates
the marsh from the Delaware

WHY SHOULD WE RESTORE DELAWARE’S

/hat good is a marsh? To
some folks, the word marsh
synonymous with “muck” and

”

diments, toxic substances,
d other pollutants from local
aters thereby improving
ater quality.
pastal freshwater marshes sup-
port the largest and most diverse
populations of birds and are
ital habitats for ducks, geese,
berons, egrets, and shorebirds.
Many other wildlife depend on
wetlands, from deer to turtles.

¢ wetlands of the Dclaware and
ristina rivers provide spawning,
rsery, and feeding sites for eels,

Wetlands provide a bost of benefits, from cleansing coastal
waters of pollutants to providing vital wildlife babitat.

NORTHERN MARSHES?

Delaware, 38% of the state’y
endangered species rely onl
lands for breeding, nesting, fordg%
ing, or resting. These species
range from barking tree frog$
bald eagles and bog turtles,

3

river after peak storm
have subsided.

@ Wetlands act as buffer strip3
between sea and mainlandl
absorbing wave action fro
storms, and thereby reducing
shoreline erosion.

& Marshes provide a wealth of
recreational activities including
birdwatching, boating, fishing
wildlife photography, huntings
hiking, and crabbing.

shad, herring, catfish, crabs,
and perch.

4 Many endangered species de-
pend on wetlands for survival. In

nt Phragmites control
‘es aerial spraying of
ant with an berbicide
8 the late summer

the plant is storing
iter reserves. As the
stores nutrients, it
1kes in the berbicide,

weakens and kills
ant.

The winter after Phragmites
is sprayed with an berbi-
cide, the dead, standing
canes are burned, freeing
areas for colonization

by plants more beneficial
to wildlife.




River. However, the dike does
contain a water control structure.
On its other three sides, the marsh
is surrounded by urban and com-
mercial development.

Part of the marsh was drained
and used as landfill for industrial
waste. However, the waste has
been removed, and the landfill
site has been capped.

Gambacorta Marsh is already
on the rebound. Phragmites con-
trol efforts have cleared part of
the marsh, the addition of wildlife
habitat enhancement structures
has attracted more waterfowl,
the water control structure has
been temporarily modified to
allow daily tidal exchange,
and a water management
plan has been implemented.

Preliminary plans call for
permanently modifying the
existing water control struc-
ture to allow for daily tidal
exchange, clearing clogged
waterways 1o increase open
water habitat, continuing
Phragmites control, and en-
hancing the recreational and
educational opportunities
presented by the walkway.

Broad Dyke Marsh, Lo-
cated north of New Castle
and owned by the Trustees
of New Castle Common and
New Castle Immanuel Epis-
copal Church, this 210-acre
tidal freshwater marsh is
bordered on three sides by
housing developments and
separated from the Delaware
River by a dike containing a
water control structure.

This structure is designed
to allow a one-way flow of

This technician is checking
a water sample for mosquito
larvae. Years ago, many
New Castle County marshes
were drained as a mosquito
control measure. But over
time, these areqas became less
efficient in removing rain-
water and essentially pro-
moted mosquito breeding.

water— out of the marsh. Occa-
sional malfunctions, however,
have caused flooding of adjacent
propetties. In addition, the one-
way exchange of water has
degraded the marsh and made ita
potential breeding ground for
mosquitoes. Plant and animal di-
versity are down, and Pbragmites
has taken over parts of the marsh.

A recent temporary water
management plan allowing tidal
exchange, combined with a
Phbragmites control program and
installation of wildlife enhance-
ment structures, has restored much
of the marsh’s biodiversity. A de-
sign for a new water control struc-
ture also has been selected. It will
allow managers to continue to im-
prove tidal exchange between
marsh and river, and release flood-
waters rapidly during major storms.

Preliminary plans call for add-
ing more wildlife enhancement
structures and open water habitat
for mosquito-eating fish, continu-
ing Phragmites control, and
building a trail, boardwalk, obser-
vation tower, and canoe launch.

Augustine Creck Marsh. This
1,130-acre wetland south of Port

Penn is bordered to the east by

Restoration: efforts can bring back a di-
versity of plants to a_formerly degraded
marsh, providing attractive habitat for
waterfowl, turtles, and other wildlife.

Route 9 and surrounded by agricul-
tural lands. The wetland is owned
by many different landowners
including the State and Delawarc
Wildlands Inc., a private nonprofit
conservation organization.
Migrating and wintering
waterfow] make extensive use
of the 912-acre tidal impound-
ment within this wetland as
do migrating neotropical shore-
birds. Surrounding the impound-
ment are forested areas that are
critical habitat for many wildlife,

Gambacorta Marsh in New Castle already is beginning to rebound from years of envi-

ronmental abuse.

Marshes provide a host of
environmental benefits,
Jrom filtering pollutants
Srom the water to providing
wildlife habitat, but they
also offer us a wide range
of recreational opportuni-
ties, from canoeing and
Jishing, to birdwatching
and other activities.




BRINGING THE PAST TO LIFE 1IN
DELAWARE’S MARSHES

ot long after their arrival in Delaware in the 1600s, Dutch and Swedish

settlers began to build dikes to drain the extensive freshwater tidal
marshes of the northern portion of the state. Today, some 300 years later,

a nearly continuous series of dikes
and tide gates extends from Wilming-
ton south along the lower Delaware
River to Port Penn, and west along the
Christina River to Churchman’s Marsh.

Despite this rigorous drainage sys-
tem, as recent as 40 years ago, many
of northern Delaware’s tidal marshes
were still productive habitats, thick
with stands of wild rice, cattails, sweet
flag, rushes, smart weed, and other
plants favored by birds, waterfowl,
muskrats, and many other wildlife.

Indeed, these marshes were full of
life. Aerial waterfowl censuses in
195051 registered from 705 to 1,516
waterfowl] per square mile—dramati-
cally eclipsing the statewide average
of 155 waterfowl per square milc. An
aerial count on November 1, 1950, re-
corded as many as 15,000 pintail
ducks on the Newport marshes at one
time. And in 1957, the marsh areas
from the Christina River to the C&D
Canal were estimated to produce
about 20,000 muskrat hides each year.

Urbanization, coupled with drainage
activities, destroyed or seriously damaged
many of Delaware’s northern wetlands,
which once boasted the largest waterfowl
populations in the state. The top photo
was taken of Broad Dyke Marsh, near
New Castle, in the 19405, The hottom
photo shows the same marsh in 1973
With proper management techniques,
once-degraded marshes can be restored.

Eventually, however, increasing urbanization and constant drainage took

their toll on these marshes, rendering many areas unsuitable for wildlife.

Can these marshes be saved? A major restoration project at the 615-acre

Dragon Run Creek Impoundment, just northwest of Delaware City. is proving
that through water management and water-quality improvement, the past
can be brought to life again. This site is now a diverse wetland with more

than 35 plant and 200 bird species, an abundance of game fishes including
largemouth bass and chain pickerel, and a wide range of mammals such as
beaver, otter, and mink. Presently, Dragon Run Creek Impoundment is one
of the most important waterfowl] areas in northern Delaware.
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